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I, John D, Mountz, M.D. Ph.D., residing at 2800 Vestavia Forest Place, Birmingham, 
Alabama, United States of America, hereby declare: 

1 . I am Professor of Medicine in the Department of Medicine, Division of Clinical 
Immunology and Rheumatology, The University of Alabama at Birmingham. My Curriculum 
Vitae is attached hereto as Appendix A. 

2. I have read U.S. Patent No. 5,695,953 (hereinafter, "the '953 patent"; attached 
hereto as Appendix B) and have considered the written description of the material disclosed in 
the patent and the extent to which this disclosure would enable one of ordinary skill to make and 
use recombinant DNA encoding a soluble tumor necrosis factor (TNF) inhibitor protein 
(hereinafter 'TNF-IP"). 



3. The *953 patent discloses the existence of a TNF "inhibiting" activity in human 
urine (col. 4, In, 9-10). This activity was associated with a protein having a molecular weight of 
40-80 kilodaltons (kD) as determined by gel filtration chromatography (col. 4, hi. 10-13), termed 
TNF-IP. 

4. The '953 patent describes generally a biochemical separation protocol for 
obtaining TNF-IP from urine of healthy individuals (col. 5, hi. 14-15). The biochemical 
separation protocol included membrane filtration to concentrate the urinary fluid (col. 8, In. 30- 
37); two different cation-exchange chromatography steps (col. 8, hi. 40-59 and col. 8, In. 61 
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through col. 9, In. 15), anion-exchange chromatography (col. 9, In. 16-35), and reversed-phase 
high pressure liquid chromatography (col. 9, hi. 36-64). 

5. The protein product of this biochemical separation protocol was analyzed by SDS- 
polyacrylamide gel electrophoresis (col. 9, In. 65 through col. 10, In. 19) and yielded a band 
migrating at a molecular weight of about 26-28 kD (col. 10, In. 17-19), and further described as 
being 27 kD in size (col. 10, In. 37). 

6. This putative inhibitor protein was able to inhibit the biological activity of TNFa 
as demonstrated by treating TNF-sensitive cells with TNFa in the presence of the inhibitor 
protein (col. 6, hi. 24-40 (Table I); col. 6, hi. 52 through col. 6, In. 57). 

7. This protein product was reported to be over 40% "pure" and was also described 
as being the "major" protein in the preparation (col. 10, In. 35-37). 

8. From this partially-purified protein preparation, an amino acid sequence was 
obtained that was represented as being fourteen of the first sixteen N-terminal amino acids of 
TNF-IP, with one residue being identified as theoretical and a second residue being unidentified 
(col. 10, hi. 21-56). 

9. This is the extent of the actual disclosxire of the '953 patent, /.e., what was 
actually done by the inventors. 

Prophetic Disclosure in ^953 Patent 

10. hi addition to the actual disclosure, the '953 patent contained the prophetic 
description of additional experiments directed toward isolation of a recombinant DNA molecule 
encoding the TNF-IP product of the biochemical separation protocol (col. 10, In. 57 through col. 
16, hi. 10). 

11. This disclosxu^ concerned experiments that were proposed but never performed 
by the named inventors of the * 95 3 patent. 

12. The '953 patent speculates that cloning can be achieved by conventional 
techniques, mcluding describing in the most general terms three proposed methods for isolating 
TNF-IP encoding cDNA: using antibodies to screen Xgtl 1 cDNA hbraries, using oligonucleotide 
probes to screen cDNA libraries or using oligonucleotide probes to screen genomic libraries. 

13. The first two of these methods were absolutely dependent on identifying a 
cultured cell line expressing TNF-IP and preparing a cDNA library fi-om such a cultured cell line 
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(col. 1 1, In. 40 through col. 12, In. 5). The '953 patent predicted that a cell line expressing TNF- 
IP could be found by either immunofluorescence detection or "Western" blotting of candidate 
cell lines using an antibody prepared from TNF-IP (col. 1 1, In. 29). 

14. The *953 patent recommended that such an antibody be prepared by injecting 
rabbits or mice with either the protein product of the biochemical separation protocol described 
in the patent, or by using a synthetic peptide corresponding to the N-terminal amino acid 
sequence (as reported at col. 10, hi. 43) (coL 1 1, hi. 17-24). In a suggested alternative, the *953 
patent teaches that the putative T^fF-IP N-terminal peptide fragment could be used to produce a 
fusion protein in E. coli that could be purified and injected into mice (col. 1 1, hi. 19-22). 

15. Once a cell line expressing TNF-IP had been identified using this scheme, the 
*953 patent taught that a cDNA library would be prepared from cellular mRNA using 
conventional techniques (col. 1 1, hi. 39). 

16. In the first method suggested by the '953 patent, TNF-IP cDNA would be cloned 
into a Xgtl 1 cloning vector, which enables expression selection of desired clones (col. II, In. 
42). The supposed advantage of using this vector was that an antibody, such as antibodies 
produced according to the teachings of the '953 specification, could be used to screen the cDNA 
library. 

17. In the second method, the '953 patent taught that a cDNA library could be 
screened with probes produced from the predicted nucleotide sequence of the putative N-terminal 
peptide of the putative disclosed TNF-IP protein (col. 12, In. 5-15). 

18. The '953 patent also taught that additional peptide sequences could be obtained 
fix)m the putative TNF-IP by proteolytic Augmentation using known proteases (col. 12, hi. 19). 

19. The '953 patent taught that it may be possible to employ an xmfractionated set of 
oligonucleotides in the same manner in which one would employ a single oligonucleotide to 
clone the gene that encodes the TNF-IP. The use of such oligonucleotide or set of 
oligonucleotides containing the theoretical "most probable" sequence capable of encoding the 
TNF Inhibitory Protein gene Augments (following the "codon usage rules" disclosed by Lathe et 
aL, 1985, y. Molec, BioL 183: 1) permits one to identify the sequence of a complementary 
oligonucleotide or set of oligonucleotides which may be used as a probe for the gene of TNF-IP 
(col. 12, hi. 47 to col, 13, hi. 2). 
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20. The last of the three suggested methods disclosed in the *953 patent for isolating a 
DNA molecule encoding TNF-IP involved screening a library prepared from hximan genomic 
DNA with the same oligonucleotide probes as taught for screening cDNA libraries (col. 1 1, 

63 etseq.y 

2 1 . There was no disclosure of the results of any of the cloning experiments described 
in the '953 patent, and no evidence that any of these experiments had actually been performed at 
the time the application that matured into the '953 patent was filed 

22. Neither the nucleotide sequence nor production of any oligonucleotide, degenerate 
oligonucleotide or mixture of degenerate oligonucleotides was disclosed in the '953 patent. 

23. The identity of no cell line expressing TNF-IP was disclosed in the '953 patent. 

24. The screening of no cDNA or genomic DNA library was disclosed in the '953 
patent, and no DNA molecule encoding TNF-IP was disclosed in the '953 patent. 

Failure of Inventors to Successfully Clone DNA by Prophetic Teachings 

25. In a series of patent publications and other publicly-available references, some or 
all of the inventors named in the '953 patent reported that several of their attempts to isolate a 
DNA molecule encoding TNF-IP according to the methods described in the '953 patent were 
unsuccessful. 

26. For example, Israeli Patent Application No. IL 92697 (Appendix C) discloses die 
applicant's failure to obtain a cDNA encoding TNF-IP by screening oligo dT-primed cDNA 
libraries prepared from human liver and placental tissue, or the human cell lines HeLa and U937 
using a mixture of degenerate oligonucleotides prepared as described in the '953 patent and 
derived from the putative N-terminal amino acid sequence of the putative TNF-IP protein 
described in the '953 patent 

27. In this application, presumably at least 150 positively-hybridizing clones were 
obtained in an initial screening. Of these clones, three survived additional rounds of screening by 
positively-hybridizing to the degenerate probe mixture. All three of these clones were found to 
be false-positives that did not encode TNF-IP when the DNA sequence of the clones was 
determined. 

28. This negative result was obtained despite the fact that one of the methods 
disclosed in the '953 patent was followed in performing the cloning and screening experiments. 
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29. Moreover, this negative result was obtained even though it was later demonstrated 
by others that U937 cells produce an mRNA encoding TNF-IP as part of a larger transcript (EP 
422339; Appendix D). 

30. These researchers also screened a randomly-primed colon cDNA library using a 
degenerate probe mixture containing the nucleotide base analog inosine (which was not 
described in the '953 patent) and obtained a positively-hybridizing longer cDNA fragment. 

3 1 . This longer cDNA sequence is designated C2 in the reference and is present in the 
Israeli Patent Application (Appendix Q. The C2 sequence was incomplete and devoid of a 
translational start codon or a stop codon. The C2 sequence also includes a number of bases that 
are different from the claimed sequences (see sequence comparison, Appendix M). Thus, the C2 
sequence appears to be a related but distinct sequence from the claimed sequence. 

32. The C2 sequence was used as a second probe for screening the colon cDNA 
library. The *953 patent did not disclose production of a secondary probe comprising what 
appears to be a distinct sequence for screening a cDNA library. 

33. Even when using the longer C2 sequence as a probe, the attempt to identify a full- 
length clone encoding TNF-IP failed in two experiments: the first being a rescreening of the 
colon library from which the C2 sequence had been obtained, and the second being the screening 
of an oligo dT-primed placental cDNA library. 

34. It was not until the experiments set forth in the publication of Nophar et al. 
(Appendix E) were performed that these inventors were able to produce a TNF-IP encoding 
cDNA clone. However, this success was achieved well after the effective filing date of the '953 
patent. 

35. The experiments described in the Nophar et aL reference required screening a 
A.ZAP cDNA library constructed from randomly-primed cDNA produced from hximan CEM 
cells. 

36. The CEM library used by Nophar et al. was not available at the effective filing 
date of the '953 invention (see the Clontech catalogue dated 1998; Appendix F). This library 
only became available after the effective filing date of the '953 patent (see the Clontech catalog 
dated 1989-1990; Appendix G). 

37. Nophar et al. does not teach why the CEM cDNA library was chosen, but CEM 
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cells apparently were not identified as being TNfF-IP expressors using immunofluorescence or 
Western blotting, as described in the *953 patent, 

38. The evidence from the Nophar et al reference demonstrates that the specification 
of the '953 patent did not enable one having ordinary skill in the art to produce a recombinant 
DNA encoding TNF-IP. 

39. Even the inventors of the '953 patent themselves were not able to isolate a TNF- 
IP encoding clone using the teachings of the *953 patent. 

Attempts of Other Research Groups to Clone DNA 

40. In addition, other well-funded, motivated researchers at companies such as 
Boehringer Ingelheim, Hoffman-La Roche, Genentech and Synergen attempted to clone the 
DNA. Although there were numerous failures by these groups to isolate a DNA molecule 
encoding TNF-IP using information at least as detailed as in the *953 patent, not one of those 
groups successfully isolated a DNA molecule encoding TNF-IP by simply using the information 
on the face of '953 patent. 

41. As set forth below, each of these research groups was required to creatively resolve 
critical issues left imresolved by the teachings of the *953 patent. For example, each of the 
research groups (a) used affinity chromatogr^hy, a biochemical purification protocol different 
from that reported in the '953 patent; (b) generated and used additional amino acid sequence 
information to generate hybridization probes; and (c) identified and screened cell sources not 
identified in nor identifiable from the *953 patent. 

42. For example, researchers at Hoflfinan-LaRoche reported their cloning of cDNA 
encoding the TNF receptor (Loetscher et al, 1990, Ce// 61: 351-359; Appendix H). 

43. These researchers reported that "conventional cloning" using "relatively short, 
fully degenerate or longer best-guess oligonucleotides" for screening oligo dT-primed cDNA 
libraries was "technically difficult" and had not resulted in cloning cDNA encoding the TNF 
receptor or TNF-BP (p.356). Sources of mRNA for preparing cDNA libraries screened in these 
failed experiments included human placental tissue and the human cell line HL60 (p. 357). 

44. These researchers only successfully obtained a cDNA clone encoding the TNF 
receptor after producing a 78bp cDNA Augment using the polymerase chain reaction (PGR) with 
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an N-terminal sequence and an internal peptide fragment from an affinity-purified preparation, 
and screening a human placenta Xgtl 1 cDNA library with this probe. 

45. The *953 patent does not disclose the sequence of any internal peptide fragment, 
and thus not the specific fragment used by the Hoffinan-LaRoche researchers, for preparing 
oligonucleotide probes. Moreover, the *953 patent makes no mention of using PCR to produce 
either cDNA or probes for screening cDNA. 

46 The researchers did not state that the placental tissue was identified as being TNF- 
BP expressors using immunofluorescence or Western blotting, as described in the *953 patent. 

47. The *953 patent does not identify placental tissue as providing a cell source of 
TNF-IP expressors. 

48. Thus, the evidence from the Loetscher et al reference is that these researchers 
were successful in obtaining a cDNA clone encoding TNF-IP only when (a) they obtained a 
78bp, PCR-produced cDNA fiagment, which was not disclosed in the patent and (b) they used 
the fragment to screen a human placenta A.gtl 1 cDNA library, which was not disclosed in the 
*953 patent. 

49. In another example, researchers at Boehringer Ingelheim screened oligo dT- 
primed cDNA libraries prepared from placenta and human cell lines U937, Hs913T and HeLa 
using mixtures of degenerate oligonucleotide probes derived from the N-terminal amino acid 
sequence from an affinity-purified preparation disclosed in the *953 patent (European Patent 
Application EP417563; Appendix I). 

50. These experiments failed to produce a cDNA encoding TNF-IP. 

51. It was only when these researchers screened an Hs913T library with a PCR 
fragment using the amino acid sequence of an internal tryptic peptide fragment from an affinity- 
purified preparation that a cDNA encoding TNF-IP was obtained. 

52. The *953 patent does not disclose the sequence of any internal peptide fragment, 
and thus not the specific fragment used by the Boehringer Ingelheim researchers, for preparing 
oligonucleotide probes. Moreover, the '953 patent does not disclose cDNA cloning or screening 
methods using the PCR. 

53. The researchers did not state that the Hs913T cells were identified as being TNF- 
IP expressors using immunofluorescence or Westem blotting, as described in the *953 patent. 
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54. The '953 patent does not identify Hs9l3T cells as being cells that express TNF- 

IP. 

55. Thus, the evidence from European Patent Application EP4 17563 is that these 
researchers were successful in obtaining a cDNA clone encoding TNF-IP only when (a) they 
obtained a PCR-produced fragment corresponding to an internal, protease-generated peptide, 
which was not disclosed in the '953 patent and (b) they used the fragment to screen an oligo dT- 
primed Hs913T cDNA library, which was not disclosed in the '953 patent. 

56. hi yet another example, researchers at Genentech reported their cloning of cDNA 
encoding the TNF receptor (Schall et al, 1990, Cell 61: 361-370; Appendix J). 

57. These researchers produced two purified, internal proteolytic fragments from an 
affinity-purified preparation that were used to prepare oligonucleotides for screening placental 
and HL60 cDNA libraries made in X^gtlO (p. 368) 

58. The Genentech researchers obtained four positively-hybridizing clones from a 
randomly-primed library and a single positively-hybridizing clone from an oligo dT-primed 
library. 

59. The oligonucleotide probes used to screen these libraries were not degenerate, 
being specifically derived from less polymorphic regions of the protein and using the codon 
usage rules of Lathe et al (p. 368). 

60. The '953 patent does not identify the sequence of any internal peptide fragment 
for preparing non-degenerate oligonucleotide probes, and thus not the specific Augment used by 
the Genentech researchers, for preparing oligonucleotide probes 

61. The researchers did not state that the HL60 cells were identified as being TNF- IP 
expressors using immimofiuorescence or Western blotting, as described in the '953 patent. 

62. The '953 patent does not identify HL60 cells as being cells that express TNF-IP. 

63. Thus, the evidence from the Schall et al. reference is that these researchers were 
successful in obtaining a cDNA clone encoding TNF-IP only when they (a) used a cDNA library 
produced from a tissue (placenta) and a cell line (HL60) that were not first identified as TNF-IP 
expressors using antibodies according to the teachings of the '953 patent and (b) a sequence 
encoding an internal peptide that was not identified in the patent. 

64. In a still further example, researchers at Synergen reported the cloning of cDNA 
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encoding the TNF receptor (EP 422339; Appendix D). 

65. These researchers produced purified proteolytic fragments from an affinity- 
purified preparation that was used to prepare four degenerate oligonucleotide probes encoding N- 
terminal and internal peptide sequences for screening a genomic library (p. 23, In. 32-52). 

66. Initially an N-terminal probe identified eleven positive clones, with one clone 
hybridizing with all four degenerate probes (p. 23, hi. 55 through p. 24, bi. 14). The one clone 
was sequenced and encompassed significantly more of the N-terminal sequence (68 amino acids) 
from that which was taught in the '953 patent (p. 24, In. 15-29). 

67. The Synergen researchers used a probe encoding an internal peptide sequence of 
TNF-BP to screen an oligo dT-primed cDNA of U937 cells, from which three clones were 
identified (p. 24, In. 49-53). The three plaques were confirmed with a probe encoding a second 
intemal peptide sequence (p. 24, bi. 52-53). 

68. The *953 patent does not disclose the sequence of any intemal peptide fragment, 
and thus not the specific fragment used by the Synergen researchers, for preparing 
oligonucleotide probes. 

69. The researchers did not identify U937 cells as being TNF-IP expressors using 
immunofluorescence or Western blotting, as described in the *953 patent. 

70. The '953 patent does not identify U937 cells as being cells that express TNF-IP. 
In fact, a later-published reference by some of the inventors of the '953 patent support 
Applicants' position that the teachings of *953 may not have identified U937 cells as a suitable 
cell soxirce. 

71. The reference teaches anti-TNF-IP antibodies which were produced after 
immunization of mice with a TNF-IP preparation purified using a substantially different 
purification protocol that included affinity chromatography with immobilized TNFa (Engelmann 
et al, 1989, J. Biol Chem. 264: 11970-11980; Appendix K). The monoclonal antibodies 
produced according to the Engehnann et al reference failed to bind to U937 cells. 

72. Thus, the evidence from the EP 422339 is that these researchers were successful 
in obtaining a cDNA clone encoding TNF-EP only when they used (a) a cDNA library produced 
from a cell line (HL60) that was not first identified as TNF-IP expressors using antibodies 
according to the teachings of the '953 patent and (b) sequence encoding an intemal peptide that 
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was not identified in the patent. 

Conclusion 

73. In my opinion, the disclosure of the '953 patent would not have enabled one of 
ordinary skill in the art to obtain a DNA molecule encoding TNF-IP for at least the following 
reasons. 

74. The '953 patent does not enable one of ordinary skill in the art to obtain a cDNA 
molecule encoding TNF-IP because, at the effective filing date of the patent, no tissue or cell line 
was known that expressed TNF-IP. 

75. The fact that TNF-IP is a proteolytic cleavage product of the TNF receptor, and 
represents the extracellular domain of the receptor, was not known at the effective filing date of 
the '953 patent {see, for example, Wallach et ai, 1989. Lymphokine Research 8: 361, which says: 

"The cellular source of this urine-derived TNF binding protein remains to 
be elucidated.'' (Appendix L) 

76. The protein prepared fi-om the biochemical separation protocol described in the 
'953 patent is very impure, being >50% contaminated with other proteins. 

77. This level of impurity would make the protein preparation described in the '953 
patent difficult to use in preparing and screening antibodies specific for TNF-IP. 

78. Also, this level of impurity would have led one of ordinary skill to believe that the 
peptide sequence disclosed in the '953 patent could not be relied upon as being related to the 
TNF-IP, since there was a better than even chance that this sequence was completely unrelated to 
the TNF inhibiting activity. 

79. In addition, until a cDNA clone is isolated and a recombinant TNF-IP protein 
produced and characterized, it could not be established that the protein from which ±e N- 
terminal amino acid sequence was obtained in fact binds to TNF. 

80. No cDNA libraries or sequence of probes encoding the putative N-terminal amino 
acid sequence were disclosed in the '953 patent. 

81. The '953 patent only provides a limited amount of sequence information and an 
encyclopedia of experimental options. After having spent considerable time and effort in 
discovering that essential information was lacking in the patent, I would have been left with 
myriad potential research avenues but no specific guideposts of how to successfully navigate 
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them. In fact, each research group that successfully cloned the DNA relied on insights and 
methods that were not described in the '953 patent. 

82. In summary, it is clear that the amino acid sequence disclosed in the patent and 
the absence of an identified cell source in the patent provided insufficient information to clone 



83. Thus, it is my opinion that one of ordinary skill in the art would not have been 
able to obtain a DNA molecule encoding TNF-IP using the methods set forth in the *953 patent. 

I hereby declare further that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful false statements and the like so made 
are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United 
States Code and that such willful false statements may jeopardize the validity of the application 
or any patent issuing thereon. 



the DNA. 



Signed: 



Jol 



•hn(^ Mountz, M.D. Ph.D. 



Dated: 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
(Attorney Docket No. 98,385-A) 



In the Application of: 
Hauptmann et al. 
Serial No: 08/484,312 
Filed: June 7, 1995 

For: TNF Receptors, TNF Binding Proteins and 
DNAs Coding for them 

Asst. Commissioner for Patent 
Washington, DC 20231 

TRANSMITTAL LETTER 

In regard to the above-identified patent appUcation: 

1 . We are transmitting herewith the attached: 

a. Amendment and Response 

b. Attached Exhibits 

c. Postcard. 

2. With respect to additional fees: 

X A. No additional fee is required. 
B. Attached are two checks in the amount of 



Examiner: G. Draper 
Group Art Unit: 1646 
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4. 



Please charge any additional fees or credit over-payments to the Deposit Account 
No. 13-2490. 

X CERTIFICATE UNDER 37 CFR 1.18: The undersigned hereby certifies 



that this Transmittal Letter and this paper, as described in paragraph 1 
hereinabove, are being hand delivered to: Examiner G. Draper in Group Art Unit 
1646, Washington, D.C. 20231, on this 1st day of M^ch 1999. 

Dated: March 1, 1999 By: 





J; AlcDonnell 
leg. 2'5,949 




McDonnell Boehnen Hulbert & Berghoff 
300 South Wacker Drive 
Chicago, Illinois 60606 
Tel: (312)913-0001 
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ABSTRACT 



TUmor Necrosis Factor (TNF) Inhibitory Protein is isolated 
arid substantially purified and the DNA that encodes the TNF 
inhibitory protein, vectors, host ocUs, and a rccombinaDt 
method for producing the encoded protein arc also set forth. 
It has ihc ability to inhibit: (a) the binding of TNF to its 
receptors, and (b) the cytotoxic efiFect of TNF. TNF Inhibi- 
tory PrcAcin and salts, functional daivatives and active 
fractions thereof can be used to antagonize the deleterious 
effects of TNF. 

15 Claims, 5 Drawing Sheets 



Appendix C 



SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(1) APPLICANT: Hauptman, et al . 

(ii) TITLE OF INVENTION: TNF RECEPTORS, TNF BINDING BINDING 
PROTEINS, AND DNAs CODING FOR THEM 

(iii) NUMBER OF SEQUENCES: 64 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE : John J, McDonnell 

(B) STREET: 300 S. Wacker Drive 

(C) CITY: Chicago 

(D) STATE :IL 

(E) COUNTRY: USA 

(F) ZIP:60606 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: ASCI I 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER : 08/484 , 312 

(B) FILING DATE: June 7, 1995 

(C) CLASSIFICATION: 

(viii) ATTORNEY /AGENT INFORMATION: 

(A) NAME: John J. McDonnell 

(B) REGISTRATION NUMBER: 26,949 

(C) REFERENCE/DOCKET NUMBER : 98 , 385 -A 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 312-913-0001 

(B) TELEFAX: 3 12 -913 -98 08 

(2) INFORMATION FOR SEQ ID NO : 1 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 65 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY : linear 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 : 

ATGGGCCTCT CCACCGTGCC TGACCTGCTG CTGCCACTGG TGCTCCTGGA 50 

GCTGTTGGTG GGAATATACC CCTCAGGGGT TATTGGACTG GTCCCTCACC 100 

TAGGGGACAG GGAGAAGAGA GATAGTGTGT GTCCCCAAGG AAAATATATC 150 

CACCCTCAAA ATAATTCGAT TTGCTGTACC AAGTGCCACA AAGGAACCTA 200 

CTTGTACAAT GACTGTCCAG GCCCGGGGCA GGATACGGAC TGCAGGGAGT 250 

GTGAGAGCGG CTCCTTCACC GCTTCAGAAA ACCACCTCAG ACACTGCCTC 300 

AGCTGCTCCA AATGCCGAAA GGAAATGGGT CAGGTGGAGA TCTCTTCTTG 350 

CACAGTGGAC CGGGACACCG TGTGTGGCTG CAGGAAGAAC CAGTACCGGC 400 

ATTATTGGAG TGAAAACCTT TTCCAGTGCT TCAATTGCAG CCTCTGCCTC 450 

AATGGGACCG TGCACCTCTC CTGCCAGGAG AAACAGAACA CCGTGTGCAC 500 

CTGCCATGCA GGTTTCTTTC TAAGAGAAAA CGAGTGTGTC TCCTGTAGTA 550 

ACTGTAAGAA AAGCCTGGAG TGCACGAAGT TGTGCCTACC CCAGATTGAG 60 0 

AATGTTAAGG GCACTGAGGA CTCAGGCACC ACAGTGCTGT TGCCCCTGGT 650 

CATTTTCTTT GGTCTTTGCC TTTTATCCCT CCTCTTCATT GGTTTAATGT 700 

ATCGCTACCA ACGGTGGAAG TCCAAGCTCT ACTCCATTGT TTGTGGGAAA 750 

TCGACACCTG AAAAAGAGGG GGAGCTTGAA GGAACTACTA CTAAGCCCCT 800 

GGCCCCAAAC CCAAGCTTCA GTCCCACTCC AGGCTTCACC CCCACCCTGG 850 

GCTTCAGTCC CGTGCCCAGT TCCACCTTCA CCTCCAGCTC CACCTATACC 900 

CCCGGTGACT GTCCCAACTT TGCGGCTCCC CGCAGAGAGG TGGCACCACC 950 

CTATCAGGGG GCTGACCCCA TCCTTGCGAC AGCCCTCGCC TCCGACCCCA 1000 

TCCCCAACCC CCTTCAGAAG TGGGAGGACA GCGCCCACAA GCCACAGAGC 1050 

CTAGACACTG ATGACCCCGC GACGCTGTAC GCCGTGGTGG AGAACGTGCC 110 0 

CCCGTTGCGC TGGAAGGAAT TCGTGCGGCG CCTAGGGCTG AGCGACCACG 1150 

AGATCGATCG GCTGGAGCTG CAGAACGGGC GCTGCCTGCG CGAGGCGCAA 1200 

TACAGCATGC TGGCGACCTG GAGGCGGCGC ACGCCGCGGC GCGAGGCCAC 1250 

GCTGGAGCTG CTGGGACGCG TGCTCCGCGA CATGGACCTG CTGGGCTGCC 1300 

TGGAGGACAT CGAGGAGGCG CTTTGCGGCC CCGCCGCCCT CCCGCCCGCG 1350 

CCCAGTCTTC TCAGATGA 1365 

(3) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4 83 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

GATAGTGTGT GTCCCCAAGG AAAATATATC CACCCTCAAA ATAATTCGAT 50 

TTGCTGTACC AAGTGCCACA AAGGAACCTA CTTGTACAAT GACTGTCCAG 100 

GCCCGGGGCA GGATACGGAC TGCAGGGAGT GTGAGAGCGG CTCCTTCACC 150 

GCTTCAGAAA ACCACCTCAG ACACTGCCTC AGCTGCTCCA AATGCCGAAA 200 

GGAAATGGGT CAGGTGGAGA TCTCTTCTTG CACAGTGGAC CGGGACACCG 250 

TGTGTGGCTG CAGGAAGAAC CAGTACCGGC ATTATTGGAG TGAAAACCTT 300 
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TTCCAGTGCT TCAATTGCAG CCTCTGCCTC AATGGGACCG TGCACCTCTC 350 

CTGCCAGGAG AAACAGAACA CCGTGTGCAC CTGCCATGCA GGTTTCTTTC 400 

TAAGAGAAAA CGAGTGTGTC TCCTGTAGTA ACTGTAAGAA AAGCCTGGAG 450 

TGCACGAAGT TGTGCCTACC CCAGATTGAG AAT 483 

(4) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 455 amino acids 

(B) TYPE: polypeptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 3 : 



Met 


Gly 


Leu 


Ser 


Thr 


Val 


Pro 


Asp 


Leu 


Leu 


Leu 


Pro 


Leu 


Val 


Leu 










5 










10 










15 


Leu 


Glu 


Leu 


Leu 


Val 


Gly 


He 


Tyr 


Pro 


Ser Gly Val 


He 


Gly Leu 










20 










25 










30 


Val 


Pro 


His 


Leu 


Gly 

2 


Asp 


Arg 


Glu 


Lvs 


Arg 


Asp 


Ser 


Val 


Cvs 

^2 


Pro 










35 










40 










45 


Gin 


Gly 


Lys 

2 


Tyr 


He 


His 


Pro 


Gin 


Asn 


Asn 


Ser 


He 


Cys 


Cys 


Thr 










50 










55 










60 


Lvs 


Cys 


His 


Lvs 


Gly 


Thr 


Tyr 


Leu 


Tyr 


Asn Asp 


Cys 


Pro 


Gly 


Pro 










65 










70 










75 


Glv 


Gin 


Asp 


Thr 


Asp 


Cys 


Arg 


Glu 


Cys 


Glu 


Ser 


Gly 


Ser 


Phe 


Thr 










80 










85 










90 


Ala 


Ser 


Glu 


Asn 


His 


Leu 


Arq 


His 


Cys 


Leu 


Ser 


Cys 


Ser 


Lys 


Cys 










95 










100 










105 


Arq 


Lys 


Glu 


Met 


Gly 


Gin 


Val 


Glu 


He 


Ser 


Ser 


Cys 


Thr 


Val 


Asp 










1 1 n 

-L J. w 










115 










120 


Arg 


Asp 


Thr 


Val 


Cys 


Gly 


Cys 


Arg 


Lys 


Asn 


Gin 


Tyr Arg 


His 


Tyr 










125 










130 










135 


Trp 


Ser 


Glu 


Asn 


Leu 


Phe 


Gin 


Cys 


Phe 


Asn 


Cys 


Ser 


Leu 


Cys 


Leu 










140 










145 










150 


Asn 


Gly 


Thr 


Val 


His 


Leu 


Ser 


Cys 


Gin 


Glu 


Lys 


Gin 


Asn 


Thr 


Val 










155 










160 










165 


Cys 


Thr 


Cys 


His 


Ala 


Gly 


Phe 


Phe 


Leu 


Arg 


Glu 


Asn 


Glu 


Cys 


Val 










170 










175 










180 


Ser 


Cys 


Ser 


Asn 


Cys 


Lys 


Lys 


Ser 


Leu 


Glu 


Cys 


Thr 


Lys 


Leu 


Cys 










185 










190 










195 


Leu 


Pro 


Gin 


He 


Glu 


Asn 


Val 


Lys 


Gly 


Thr 


Glu Asp 


Ser 


Gly Thr 










200 










205 










210 


Thr 


Val 


Leu 


Leu 


Pro 


Leu 


Val 


He 


Phe 


Phe 


Gly Leu 


Cys 


Leu 


Leu 










215 










220 










225 


Ser 


Leu 


Leu 


Phe 


He 


Gly 


Leu 


Met 


Tyr 


Arg 


Tyr 


Gin 


Arg 


Trp 


Lys 










230 










235 










240 


Ser 


Lys 


Leu 


Tyr 


Ser 


He 


Val 


Cys 


Gly 


Lys 


Ser 


Thr 


Pro 


Glu 


Lys 










245 










250 










255 



85 



Glu Gly 


Glu 


Leu 


Glu 


Gly 


Thr 


Thr Thr 


Lys 


Pro 


Leu 


Ala 


Pro 


Asn 










260 








265 










270 


Pro 


Ser 


Phe 


Ser 


Pro 


Thr 


Pro 


Gly Phe 


Thr 


Pro 


Thr 


Leu 


Gly 


Phe 










275 








280 










285 


Ser 


Pro 


Val 


Pro 


Ser 


Ser 


Thr 


Phe Thr 


Ser 


Ser 


Ser 


Thr 


Tyr 


Thr 










290 








295 










300 


Pro 


Gly 


Asp 


Cys 


Pro 


Asn 


Phe 


Ala Ala 


Pro 


Arq 


Arg 


Glu 


Val 


Ala 










305 








310 










315 


Pro 


Pro 


Tyr 


Gin 


Gly 

J. 


Ala 


Asp 


Pro He 


Leu 


Ala 


Thr 


Ala 


Leu 


Ala 










320 








325 










330 


Ser 


Asp 


Pro 


He 


Pro 


Asn 


Pro 


Leu Gin 


Lys 

J. 


Trp 


Glu 


Asp 


Ser 


Ala 










335 








340 










345 


His 


Lys 


Pro 


Gin 


Ser 


Leu 


Asp 

ST 


Thr Asp 


Asp 


Pro 


Ala 


Thr 


Leu 


Tyr 










350 








355 










360 


Ala 


Val 


Val 


Glu 


Asn 


Val 


Pro 


Pro Leu 


Arg 


Trp 


Lys 


Glu 


Phe 


Val 










365 








370 










375 


Arg 


Arg 


Leu 


Gly 

J. 


Leu 


Ser 


Asp 


His Glu 


He 


Asp 


Arg 


Leu 


Glu 


Leu 










380 








385 










390 


Gin 


Asn 


Gly 


Arg 


Cys 

J. 


Leu 


Arg 


Glu Ala 


Gin 


Tyr 

J. 


Ser 


Met 


Leu 


Ala 










395 








400 










405 


Thr 


Trp 


Arg 


Arg 


Arg 


Thr 


Pro 


Arg Arg 


Glu 


Ala 


Thr 


Leu 


Glu 


Leu 










410 








415 










420 


Leu 


Gly 


Arg 


Val 


Leu 


Arg 


Asp 


Met Asp 


Leu 


Leu 


Gly 


Cys 


Leu 


Glu 










425 








430 










435 


Asp 


He 


Glu 


Glu 


Ala 


Leu 


Cys 


Gly Pro 


Ala 


Ala 


Leu 


Pro 


Pro 


Ala 










440 








445 










450 


Pro 


Ser 


Leu 


Leu 


Arg 




























455 




















(5) 


INFORMATION 


FOR 


SEQ 


ID NO: 4: 















(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 161 amino acids 

(B) TYPE: polypeptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Asp Ser Val Cys Pro Gin Gly Lys Tyr lie His Pro Gin Asn Asn 

5 10 15 

Ser lie Cys Cys Thr Lys Cys His Lys Gly Thr Tyr Leu Tyr Asn 

20 25 30 

Asp Cys Pro Gly Pro Gly Gin Asp Thr Asp Cys Arg Glu Cys Glu 

35 40 45 

Ser Gly Ser Phe Thr Ala Ser Glu Asn His Leu Arg His Cys Leu 

50 55 60 

Ser Cys Ser Lys Cys Arg Lys Glu Met Gly Gin Val Glu lie Ser 

65 70 75 
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Ser 


Cys 


Thr 


Val 


Asp 


Arq 


Asp 


Thr 


Val 


Cys 


Gly 


Cys 


Arq 


Lys 


Asn 










80 










85 










90 


Gin 


Tyr 


Arq 


His 


Tyr 


Trp 


Ser 


Glu 


Asn 


Leu 


Phe 


Gin 


Cys 


Phe 


Asn 










95 










100 










105 


Cys 


Ser 


Leu 


Cys 


Leu 


Asn 


Gly 


Thr 


Val 


His 


Leu 


Ser 


Cys 


Gin 


Glu 










110 










115 










120 


Lys 


Gin 


Asn 


Thr 


Val 


Cys 


Thr 


Cys 


His 


Ala 


Gly 


Phe 


Phe 


Leu 


Arg 










125 










130 










135 


Glu 


Asn 


Glu 


Cys 


Val 


Ser 


Cys 


Ser 


Asn 


Cys 


Lvs 


Lvs 


Ser 


Leu 


Glu 










140 










145 










150 


Cys 


Thr 


Lys 


Leu 


Cys 


Leu 


Pro 


Gin 


He 


Glu 


Asn 


















155 










160 












(6) 


INFORMATION 


FOR 


SEQ 


ID NO: 5: 

















(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 157 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 5 : 



CAGGGGAAA ATATTCACCC TCAAATAAT TCGATTTGCT GTACCAAGTG 50 

CCACAAAGG AAACTACTTG TACAATGAC TGTCCAGGCC CGGGGCAGGA 100 

TACGGACTG CAGGGAGTGT GAGAGCGGC TCCTTCACAG CCTCAGAAAA 150 

CAACAAG 157 



(7) INFORMATION FOR SEQ ID NO : 6 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 amino acids 

(B) TYPE: polypeptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Asp Ser Val Xaa Pro Gin Gly Lys Tyr lie His Pro Gin 

5 10 

(8) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 11 amino acids 

(B) TYPE: polypeptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 7 : 
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Glu Asn Glu Cys Val Ser Cys Ser Asn Cys Lys 

5 10 

(9) INFORMATION FOR SEQ ID NO : 8 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 amino acids 

(B) TYPE: polypeptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 8 : 

Glu Asn Glu Cys Val Ser Cys Ser Asn Cys Lys Lys 

5 10 

(10) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 amino acids 

(B) TYPE : polypeptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 9 : 

Tyr lie His Pro Gin Xaa Asn Ser lie Xaa Xaa Xaa Lys 

5 10 

11) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 14 amino acids 

(B) TYPE: polypeptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

Glu Cys Glu Ser Gly Ser Phe Thr Ala Ser Glu Asn Asn Lys 

5 10 

(12) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 amino acids 

(B) TYPE: polypeptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 



Lys Glu Met Gly Gin Val Glu lie Ser Ser Cys Thr Val Asp Arg 

5 10 15 
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(13) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 amino acids 

(B) TYPE : polypeptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

Gly Thr Tyr Ley Tyr Asn Asp Cys Pro Gly Pro Gly Gin 

5 10 

(14) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 amino acids 

(B) TYPE: polypeptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

Glu Met Gly Gin Val Glu He Ser Xaa Xaa Xaa Val Asp 

5 10 

(15) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE : polypeptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:14: 

Lys Glu Met Gly Gin Val Glu He Ser Ser Cys Thr Val Asp Arg 

5 10 15 

Asp Thr Val Cys Gly 

20 

(16) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 amino acids 

(B) TYPE : polypeptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15.: 



Tyr He His Pro Gin Xaa Asn Ser He Cys Cys Thr Lys Cys His 

5 10 15 

Lys Gly Xaa Tyr 
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(17) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 amino acids 

(B) TYPE: polypeptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

Gly Thr Tyr Leu Tyr Asn Asp Cys Pro Gly Pro Gly Gin Asp Thr 

5 10 15 

Xaa Xaa Arg 



(18) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 14 amino acids 

(B) TYPE: polypeptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 

Gin Asn Thr Val Cys Thr Xaa His Ala Gly Phe Phe Leu Arg 

5 10 

(19) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 14 amino acids 

(B) TYPE: polypeptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 

Ser Leu Glu Cys Thr Lys Leu Cys Leu Pro Gin lie Glu Asn 

5 10 

(20) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 amino acids 

(B) TYPE : polypeptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 



Asp Ser Val Cys Pro Gin Gly Lys Tyr lie His Pro Gin 

5 10 
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(21) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20 
CAAGGTAAAT ATATTCATCC 

(22) INFORMATION FOR SEQ ID NO: 21: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21 
CAGGGTAAGT ACATCCATCC 

(23) INFORMATION FOR SEQ ID NO:22: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22 
CAAGGTAAAT ATATACATCC 

(24) INFORMATION FOR SEQ ID NO: 23: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23 
CAAGGCAAAT ATATTCATCC 
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(25) INFORMATION FOR SEQ ID NO:24: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24 
CAGGGCAAGT ACATCCACCC 

(26) INFORMATION FOR SEQ ID NO: 25: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25 
CAAGGCAAAT ATATACATCC 

(27) INFORMATION FOR SEQ ID NO: 26: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26 
CAAGGAAAAT ATATTCATCC 

(28) INFORMATION FOR SEQ ID NO: 27: 

(i) SEQUENCE CH/OIACTERISTICS : 

(A) LENGTH: 20 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27 
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CAGGGAAAGT ACATCCACCC 

(29) INFORMATION FOR SEQ ID NO: 28: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 bases 

(B) TYPEznucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 28 
CAAGGAAAAT ATATACATCC 

(30) INFORMATION FOR SEQ ID NO: 29: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 29 
CAAGGGAAAT ATATTCATCC 

(31) INFORMATION FOR SEQ ID NO: 30: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 30 
CAGGGGAAGT ACATCCACCC 
(31) INFORMATION FOR SEQ ID NO: 31: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 31 
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CAAGGGAAAT ATATACATCC 20 

(33) INFORMATION FOR SEQ ID NO:32: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 14 amino acids 

(B) TYPE : polypeptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:32: 

Glu Cys Gly Ser Gly Ser Phe Thr Ala Ser Glu Asn Asn Lys 

5 10 

(34) INFORMATION FOR SEQ ID NO:33: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 14 amino acids 

(B) TYPE : polypeptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 33: 

Glu Cys Gly Ser Gly Ser Phe Thr Ala Ser Cys Asn Asn Lys 

5 10 

(35) INFORMATION FOR SEQ ID NO:34: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:34: 

AAATGACGGA GACTCTTGTT GTTCCTAGGG 30 

(36) INFORMATION FOR SEQ ID NO: 35: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 35: 
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AAGTGGCGTA GTCTTTTGTT GTTCCTAGGG 

(37) INFORMATION FOR SEQ ID NO: 36: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 bases 

(B) TYPE:nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 36 
AAATGTCGGA GACTCTTGTT GTTCCTAGGG 

(38) INFORMATION FOR SEQ ID NO: 37: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY : linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 37 
AAATGACGGT CACTCTTGTT GTTCCTAGGG 
(3 9) INFORMATION FOR SEQ ID NO: 38: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 bases 

(B) TYPErnucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 38 
AAGTGGCGTT CTCTTTTGTT GTTCCTAGGG 
(4 0) INFORMATION FOR SEQ ID NO: 39: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 bases 

(B) TYPE:nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 39 
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AAATGTCGGT CACTCTTGTT GTTCCTAGGG 

(41) INFORMATION FOR SEQ ID NO: 40: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 40 
AAATGACGGA GAACATTGTT GTTCCTAGGG 

(42) INFORMATION FOR SEQ ID NO: 41: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 41 
AAGTGGCGTA GTACTTTGTT GTTCCTAGGG 

(43) INFORMATION FOR SEQ ID NO: 42: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 42 
AAATGTCGGA GAACATTGTT GTTCCTAGGG 

(44) INFORMATION FOR SEQ ID NO:43: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:43: 

AAATGACGGT CAACATTGTT GTTCCTAGGG 30 

(45) INFORMATION FOR SEQ ID N0:44: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY : linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:44: 

AAGTGGCGTT CTACTTTGTT GTTCCTAGGG 30 

(46) INFORMATION FOR SEQ ID NO: 45: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D ) TOPOLOGY : 1 inear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 45: 

AAATGTCGGT CAACATTGTT GTTCCTAGGG 30 

(47) INFORMATION FOR SEQ ID NO: 46: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 51 amino acids 

(B) TYPE: polypeptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:46: 

Gin Gly Lys Tyr lie His Pro Gin Asn Asn Ser lie Cys Cys Thr 

5 10 15 

Lys Cys His Lys Gly Thr Tyr Ley Tyr Asn Asp Cys Pro Gly Pro 

20 25 30 

Gly Gin Asp Thr Asp Cys Arg Gly Cys Glu Ser Gly Ser Phe Thr 

35 40 45 

Ala Ser Glu Asn Asn Lys 

50 

(48) INFORMATION FOR SEQ ID NO: 47: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 158 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 47: 

CAGGGGAAAT ATATTCACCC TCAAAATAAT TCGATTTCGT GTACCAAGTC 50 
GCACAAAGGA ACCTACTTGT ACAATGACTG TCCAGGCCCG GGGCAGGATA 100 
CGGACTGCAG GGAGTGTGAG AGCGGCTCCT TCACAGCCTC AGAAAACAAC 150 
AAGGATCC 158 

(49) INFORMATION FOR SEQ ID NO:48: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:48: 

GGAATTCAGC CTGAATGGCG AATGGG 26 

(50) INFORMATION FOR SEQ ID NO: 49: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:49: 

CCTCGAGCGT TGCTGGCGTT TTTCC 25 

(51) INFORMATION FOR SEQ ID NO: 50: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY : 1 inear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:50: 



98 



GGTCGACATT GATTATTGAC TAG 23 

(52) INFORMATION FOR SEQ ID NO: 51: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

( D ) TOPOLOGY : 1 i ne ar 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 51: 

GGAATTCCCT AGGAATACAG CGG 23 

(53) INFORMATION FOR SEQ ID NO: 52: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 52: 

GGCAAGGGCA GCAGCCGG 18 

(54) INFORMATION FOR SEQ ID NO: 53: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 53 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 53: 

AGCTTCTGCA GGTCGACATC GATGGATCGG TACCTCGAGC GGCCGCGAAT 50 
TCT 53 

(55) INFORMATION FOR SEQ ID NO: 54: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 54 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 54: 

CTAGAGAATT CGCGGCCGCT CGAGGTACCG GATCCATCGA TGTCGACCTG 50 
CAGA 54 

(56) INFORMATION FOR SEQ ID NO: 55: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 63 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 55: 

AGCTCTAGAG ATTCGCGGCC GCTCGAGGTA CCGGATCCAT CGATGTCGAC 50 
CTGCAGAAGC TTG 63 

(57) INFORMATION FOR SEQ ID NO: 56: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 64 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 56: 

CTAGCAAGCT TCTGCAGGTC GACATCGATG GATCCGGTAC CTCGAGCGGC 50 
CGCGAATTCT CTAG 64 

(58) INFORMATION FOR SEQ ID NO:57: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 57: 

CAGGATCCGA GTCTCAACCC TCAAC 25 

(59) INFORMATION FOR SEQ ID NO: 58: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 43 bases 
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(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:58: 

GGGAATTCCT TATCAATTCT CAATCTGGGG TAGGCACAAC TTC 43 

(60) INF0R^4ATI0N FOR SEQ ID NO: 59: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 81 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 59: 

CACAGTCGAC TTACATTTGC TTCTGACACA ACTGTGTTCA CTAGCAACCT 50 
CAAACAGACA CCATGGGCCT CTCCACCGTG C 81 

(61) INFORMATION FOR SEQ ID NO: 60: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D ) TOPOLOGY : 1 inear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 60: 

GAGGCTGCAA TTGAAGC 17 

(62) INFORMATION FOR SEQ ID NO: 61: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 61: 

ATTCGTGCGG CGCCTAG 17 

(63) INFORMATION FOR SEQ ID NO:62: 



I 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:62: 

GTCGGTAGCA CCAAGGA 17 

(64) INFORMATION FOR SEQ ID NO: 63: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

( D ) TOPOLOGY : 1 i near 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:63: 

GTTTTCCCAG TCACGAC 17 

(65) INFORMATION FOR SEQ ID NO: 64: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 64: 

GTCCAATTAT GTCACACC 18 

(66) INFORMATION FOR SEQ ID NO: 65: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1334 bases 

(B) TYPE:nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 65: 

GAATTCTCTG GACTGAGGCT CCAGTTCTGG CCTTTGGGGT TCAAGATCAC 50 
TGGGACCAGG CCGTGATCTC TATGCCCGAG TCTCAACCCT CAACTGTCAC 100 
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CCCAAGGCAC TTGGGACGTC CTGGACAGAC CGAGTCCCGG GAAGCCCCAG 150 
CACTGCCGCT GCCACACTGC CCTGAGCCCA AATGGGCGAG TGAGAGGCCA 2 00 

TAGCTGTCTG GC 212 

ATG GGC CTC TCC ACC GTG CCT GAC CTG CTG CTG CCA CTG GTG TTC 257 
Met Gly Leu Ser Thr Val Pro Asp Leu Leu Leu Pro Leu Val Leu 

5 10 15 

CTG GAG CTG TTG GTG GGA ATA TAC CCC TCA GGG GTT ATT GGA CTG 3 02 
Leu Glu Leu Leu Val Gly lie Tyr Pro Ser Gly Val lie Gly Leu 

20 25 30 

GTC CCT CAC CTA GGG GAC AGG GAG AAG AGA GAT AGT GTG TGT CCC 347 
Val Pro His Leu Gly Asp Arg Glu Lys Arg Asp Ser Val Cys Pro 

35 40 45 

CAA GGA AAA TAT ATC CAC CCT CAA AAT AAT TCG ATT TGC TGT ACC 3 92 
Gin Gly Lys Tyr lie His Pro Gin Asn Asn Ser lie Cys Cys Thr 

50 55 60 

AAG TGC CAC AAA GGA ACC TAC TTG TAC AAT GAC TGT CCA GGC CCG 437 
Lys Cys His Lys Gly Thr Tyr Leu Tyr Asn Asp Cys Pro Gly Pro 

65 70 75 

GGG CAG GAT ACG GAC TGC AGG GAG TGT GAG AGC GGC TCC TTC ACC 4 82 
Gly Gin Asp The Asp Cys Arg Glu Cys Gly Ser Gly Ser Phe Thr 

80 85 90 

GCT TCA GAA AAC CAC CTC AGA CAC TGC CTC AGC TGC TCC AAA TGC 527 
Ala Ser Glu Asn His Leu Arg His Cys Leu Ser Cys Ser Lys Cys 

95 100 105 

CGA AAG GAA ATC. GGT CAG GTG GAG ATC TCT TCT TGC ACA GTG GAC 572 
Arg Lys Glu Met Gly Gin Val Glu lie Ser Ser Cys Thr Val Asp 

110 115 120 

CGG GAC ACC GTG TGT GGC TGC AGG AAG AAC CAG TAC CGG CAT TAT 617 
Arg Asp Thr Val Cys Gly Cys Arg Lys Asn Gin Tyr Arg His Tyr 

125 130 135 

TGG AGT GAA AAC CTT TTC CAG TGC TTC AAT TGC AGC CTC TGC CTC 662 
Trp Ser Glu Asn Leu Phe Gin Cys Phe Asn Cys Ser Leu Cys Leu 

140 145 150 

AAT GGG ACC GTG CAC CTC TCC TGC CAG GAG AAA CAG AAC ACC GTG 707 
Asn Gly Thr Val His Leu Ser Cys Gin Glu Lys Gin Asn Thr Val 



TGC ACC TGC CAT 
Cys Thr Cys His 



TCC TGT AGT AAC 
Ser Cys Ser Asn 



CTA CCC CAG ATT 
Leu Pro Gin lie 



ACA GTG CTG TTG 
Thr Val Leu Leu 



TCC CTC CTC TTC 
Ser Leu Leu Phe 



TCC AAG CTC TAC 
Ser Lys Leu Tyr 



GAG GGG GAG CTT 
Glu Gly Glu Leu 



CCA AGC TTC AGT 
Pro Ser Phe Ser 



AGT CCC GTG CCC 
Ser Pro Val Pro 



CCC GGT GAC TGT 
Pro Gly Asp Cys 



CCA CCC TAT CAG 
Pro Pro Tyr Gin 



TCC GAC CCC ATC 



155 

GCA GGT TTC TTT 
Ala Gly Phe Phe 
170 

TGT AAG AAA AGC 
Cys Lys Lys Ser 
185 

GAG AAT GTT AAG 
Glu Asn Val Lys 
200 

CCC CTG GTC ATT 
Pro Leu Val lie 
215 

ATT GGT TTA ATG 
lie Gly Leu Met 
230 

TCC ATT GTT TGT 
Ser lie Val Cys 
245 

GAA GGA ACT ACT 
Glu Gly Thr Thr 
260 

CCC ACT CCA GGC 
Pro Thr Pro Gly 
275 

AGT TCC ACC TTC 
Ser Ser Thr Phe 
290 

CCC AAC TTT GCG 
Pro Asn Phe Ala 
305 

GGG GCT GAC CCC 
Gly Ala Asp Pro 
320 

CCC AAC CCC CTT 
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160 

CTA AGA GAA AAC 
Leu Arg Glu Asn 
175 

CTG GAG TGC AGG 
Leu Glu Cys Thr 
190 

GGC ACT GAG GAC 
Gly Thr Glu Asp 
205 

TTC TTT GGT CTT 
Phe Phe Gly Leu 
220 

TAT CGC TAC CAA 
Tyr Arg Tyr Gin 
235 

GGG AAA TCG ACA 
Gly Lys Ser Thr 
250 

ACT AAG CCC CTG 
Thr Lys Pro Leu 
265 

TTC ACC CCC ACC 
Phe Thr Pro Thr 
280 

ACC TCC AGC TCC 
Thr Ser Ser Ser 
295 

GCT CCC CGC AGA 
Ala Pro Arg Arg 
310 

ATC CTT GCG ACA 
lie Leu Ala Thr 
325 

CAG AAG TGG GAG 



4 



165 

GAG TGT GTC 752 
Glu Cys Val 
180 

AAG TTG TGC 797 
Lys Leu Cys 
195 

TCA GGC ACC 842 
Ser Gly Thr 
210 

TGC CTT TTA 887 
Cys Leu Leu 
225 

CGG TGG AAG 932 
Arg Trp Lys 
240 

CCT GAA AAA 977 
Pro Glu Lys 
255 

GCC CCA AAC 1022 
Ala Pro Asn 
270 

CTG GGC TTC 1067 
Leu Gly Phe 
285 

ACC TAT ACC 1112 
Thr Tyr Thr 
300 

GAG GTG GCA 1157 
Glu Val Ala 
315 

GCC CTC GCC 1202 
Ala Leu Ala 
330 

GAC AGC GCC 1247 
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Ser Asp Pro lie Pro Asn Pro Leu Gin Lys Trp Glu Asp Ser Ala 

335 340 345 

CAC AAG CCA CAG AGC CTA GAC ACT GAT GAC CCC GCG ACG CTG TAC 12 92 
His Lys Pro Gin Ser Leu Asp Thr Asp Asp Pro Ala Thr Leu Tyr 

350 ' 355 360 

GCC GTG GTG GAG AAC GTG CCC CCG TTG CGC TGG AAGGAATTC 1334 
Ala Val Val Glu Asn Val Pro Pro Leu Arg Trp 

365 370 



(67) INFORMATION FOR SEQ ID NO: 66: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 371 amino acids 

(B) TYPE: polypeptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 66: 



Met 


Gly 


Leu 


Ser 


Thr 


Val 


Pro 


Asp 


Leu 


Leu 


Leu 


Pro 


Leu 


Val 


Leu 










5 










10 










15 


Leu 


Glu 


Leu 


Leu 


Val 


Gly 


He 


Tyr 


Pro 


Ser 


Gly 


Val 


He 


Gly 


Leu 










20 










25 










30 


Val 


Pro 


His 


Leu 


Gly 


Asp 


Arg 


Glu 


Lys 


Arg 


Asp 


Ser 


Val 


Cys 


Pro 










35 










40 










45 


Gin 


Gly 


Lys 


Tyr 


He 


His 


Pro 


Gin 


Asn 


Asn 


Ser 


He 


Cys 


Cys 


Thr 










50 










55 










60 


Lys 


Cys 


His 


Lys 


Gly 


Thr 


Tyr 


Leu 


Tyr 


Asn 


Asp 


Cys 


Pro 


Gly 


Pro 










65 










70 










75 


Gly 


Gin 


Asp 


The 


Asp 


Cys 


Arg 


Glu 


Cys 


Gly 


Ser 


Gly 


Ser 


Phe 


Thr 










80 










85 










90 


Ala 


Ser 


Glu 


Asn 


His 


Leu 


Arg 


His 


Cys 


Leu 


Ser 


Cys 


Ser 


Lys 


Cys 










95 










100 










105 


Arg 


Lys 


Glu 


Met 


Gly 


Gin 


Val 


Glu 


He 


Ser 


Ser 


Cys 


Thr 


Val 


Asp 










110 










115 










120 


Arg 


Asp 


Thr 


Val 


Cys 


Gly 


Cys 


Arg 


Lys 


Asn 


Gin 


Tyr 


Arg 


His 


Tyr 










125 










130 










135 


Trp 


Ser 


Glu 


Asn 


Leu 


Phe 


Gin 


Cys 


Phe 


Asn 


Cys 


Ser 


Leu 


Cys 


Leu 










140 










145 










150 


Asn 


Gly 


Thr 


Val 


His 


Leu 


Ser 


Cys 


Gin 


Glu 


Lys 


Gin 


Asn 


Thr 


Val 










155 










160 










165 


Cys 


Thr 


Cys 


His 


Ala 


Gly 


Phe 


Phe 


Leu 


Arg 


Glu 


Asn 


Glu 


Cys 


Val 










170 










175 










180 


Ser 


Cys 


Ser 


Asn 


Cys 


Lys 


Lys 


Ser 


Leu 


Glu 


Cys 


Thr 


Lys 


Leu 


Cys 










185 










190 










195 


Leu 


Pro 


Gin 


He 


Glu 


Asn 


Val 


Lys 


Gly 


Thr 


Glu 


Asp 


Ser 


Gly 


Thr 
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200 205 210 

Thr Val Leu Leu Pro Leu Val lie Phe Phe Gly Leu Cys Leu Leu 

215 220 225 

Ser Leu Leu Phe lie Gly Leu Met Tyr Arg Tyr Gin Arg Trp Lys 

230 235 240 

Ser Lys Leu Tyr Ser lie Val Cys Gly Lys Ser Thr Pro Glu Lys 

245 250 255 

Glu Gly Glu Leu Glu Gly Thr Thr Thr Lys Pro Leu Ala Pro Asn 

260 265 270 

Pro Ser Phe Ser Pro Thr Pro Gly Phe Thr Pro Thr Leu Gly Phe 

275 280 285 

Ser Pro Val Pro Ser Ser Thr Phe Thr Ser Ser Ser Thr Tyr Thr 

290 295 300 

Pro Gly Asp Cys Pro Asn Phe Ala Ala Pro Arg Arg Glu Val Ala 

305 310 315 

Pro Pro Tyr Gin Gly Ala Asp Pro lie Leu Ala Thr Ala Leu Ala 

320 325 330 

Ser Asp Pro lie Pro Asn Pro Leu Gin Lys Trp Glu Asp Ser Ala 

335 340 345 

His Lys Pro Gin Ser Leu Asp Thr Asp Asp Pro Ala Thr Leu Tyr 

350 355 360 

Ala Val Val Glu Asn Val Pro Pro Leu Arg Trp 

365 370 

(68) INFORMATION FOR SEQ ID NO: 67: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6464 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 67: 

TCGACATTGA TTATTGACTA GTTATTAATA GTAATCAATT ACGGGGTCAT 50 

TAGTTCATAG CCCATATATG GAGTTCCGCG TTACATAACT TACGGTAAAT 100 

GGCCCGCCTC GCTGACCGCC CAACGACCCC CGCCCATTGA CGTCAATAAT 150 

GACGTATGTT CCCATAGTAA CGCCAATAGG GACTTTCCAT TGACGTCAAT 200 

GGGTGGAGTA TTTACGGTAA ACTGCCCACT TGGCAGTACA TCAAGTGTAT 250 

CATATGCCAA GTACGCCCCC TATTGACGTC AATGACGGTA AATGGCCCGC 3 00 

CTGGCATTAT GCCCAGTACA TGACCTTATG GGACTTTCCT ACTIGGCAGT 350 

ACATCTACGT ATTAGTCATC GCTATTACCA TGGTGATGCG GTTTTGGCAG 4 00 

TACATCAATG GGCGTGGATA GCGGTTTGAC TCACGGGGAT TTCCAAGTCT 450 

CCACCCCATT GACGTCAATG GGAGTTTGTT TTGGCACCAA AATCAACGGG 500 

ACTTTCCAAA ATGTCGTAAC AACTCCGCCC CATTGACGCA AATGGGCGGT 550 

AGGCGTGTAC GGTGGGAGGT CTATATAAGC AGAGCTCTCT GGCTAACTAG 600 
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AGAACCCACT GCTTAACTGG CTTATCGAAA TTAATACGAC TCACTATAGG 650 
GAGACCCAAG CTTCTGCAGG TCGACATCGA TGGATCCGGT ACCTCGAGCG 700 
CGAATTCTCT AGAGGATCTT TGTGAAGGAA CCTTACTTCT GTGGTGTGAC 750 
ATAATTGGAC AAACTACCTA CAGAGATTTA AAGCTCTAAG GTAAATATAA 800 
AATTTTTAAG TGTATAATGT GTTAAACTAC TGATTCTAAT TGTTTGTGTA 850 
TTTTAGATTC CAACCTATGG AACTGATGAA TGGGAGCAGT GGTGGAATGC 900 
CTTTAATGAG GAAAACCTGT TTTGCTCAGA AGAAATGCCA TCTAGTGATG 950 
ATGAGGCTAC TGCTGACTCT CAACATTCTA CTCCTCCAAA AAAGAAGAGA 1000 
AAGGTAGAAG ACCCCAAGGA CTTTCCTTCA GAATTGCTAA GTTTTTTGAG 1050 
TCATGCTGTG TTTAGTAATA GAACTCTTGC TTGCTTTGCT ATTTACACCA 1100 
CAAAGGAAAA AGCTGCACTG CTATACAAGA AAATTATGGA AAAATATTTG 1150 
ATGTATAGTG CCTTGACTAG AGATCATAAT CAGCCATACC ACATTTGTAG 1200 
AGGTTTTACT TGCTTTAAAA AACCTCCCAC ACCTCCCCCT GAACCTGAAA 1250 
CATAAAATGA ATGCAATTGT TGTTGTTAAC TTGTTTATTG CAGCTTATAA 1300 
TGGTTACAAA TAAAGCAATA GCATCACAAA TTTCACAAAT AAAGCATTTT 1350 
TTTCACTGCA TTCTAGTTGT GGTTTGTCCA AACTGATGAA TGTATCTTAT 1400 
CATGTCTGGA TCAATTCTGA GAAACTAGCC TTAAAGACAG ACAGCTTTGT 1450 
TCTAGTCAGC CAGGCAAGCA TATGTAAATA AAGTTCCTCA GGGAACTGAG 1500 
GTTAAAAGAT GTATCCTGGA CCTGCCAGAC CTGGCCATTC ACGTAAACAG 1550 
AAGATTCCGC CTCAAGTTCC GGTTAACAAC AGGAGGCAAC GAGATCTCAA 1600 
ATCTATTACT TCTAATCGGG TAATTAAAAC CTTTCAACTA AAACACGGAC 1650 
CCACGGATGT CACCCACTTT TCCTTCCCCG GCTCCGCCCT TCTCAGTACT 1700 
CCCCACCATT AGGCTCGCTA CTCCACCTCC ACTTCCGGGC GCGACACCCA 1750 
CGTGCCCTCT CCCACCCGAC GCTAACCCCG CCCCTGCCCG TCTGACCCCG 1800 
CCCACCACCT GGCCCCGCCC CGTTGAGGAC AGAAGAAACC CCGGGCAGCC 1850 
GCAGCCAAGG CGGACGGGTA GACGCTGGGG GCGCTGAGGA GTCGTCCTCT 1900 
ACCTTCTCTG CTGGCTCGGT GGGGGACGCG GTGGATCTCA GGCTTCCGGA 1950 
AGACTGGAAG AACCGGCTCA GAACCGCTTG TCTCCGCGGG GCTTGGGCGG 2 000 
CGGAAGAATG GCCGCTAGAC GCGGACTTGG TGCGAGGCAT CGCAGGATGC 2 050 
AGAAGAGCAA GCCCGCCGGG AGCGCGCGGC TGTACTACCC CGCGCCTGGA 2100 
GCGGCCACGC CGGACTGGGC GGGGCCGGCC TGGTGGAGGC GGAGTCTGAC 2150 
CTCGTGGAGG CGGGGCCTCT GATGTTCAAA TAGGATGCTA GGCTTGTTGA 2200 
GGCGTGGCCT CCGATTCACA AGTGGGAAGC AGCGCCGGGC GACTGCAATT 2250 
TCGCGCCAAA CTTGGGGGAA GCACAGCGTA CAGGCTGCCT AGGTGATCGC 2300 
TGCTGCTGTC ATGGTTCGAC CGCTGAACTG CATCGTCGCC GTGTCCCAGA 2350 
ATATGGGCAT CGGCAAGAAC GGAGACCTTC CCTGGCCAAT GCTCAGGTAC 2400 
TGGCTGGATT GGGTTAGGGA AACCGAGGCG GTTCGCTGAA TCGGGTCGAG 2450 
CACTTGGCGG AGACGCGCGG GCCAACTACT TAGGGACAGT CATGAGGGGT 2 500 
AGGCCCGCCG GCTGCTGCCC TTGCCCATGC CCGCGGTGAT CCCCATGCTG 2550 
TGCCAGCCTT TGCCCAGAGG CGCTCTAGCT GGGAGCAAAG TCCGGTCACT 2600 
GGGCAGCACC ACCCCCCGGA CTTGCATGGG TAGCCGCTGA GATGGAGCCT 2650 
GAGCACACGT GACAGGGTCC CTGTTAACGC AGTGTTTCTC TAACTTTCAG 2700 
GAACGAGTTC AAGTACTTCC AAAGAATGAC CACCACCTCC TCAGTGGAAG 2750 
GTAAACAGAA CCTGGTGATT ATGGGCCGGA AAACCTGGTT CTCCATTCCT 2 800 
GAGAAGAATC GACCTTTAAA GGACAGAATT AATATAGTTC TCAGTAGAGA 2 850 
GCTCAAGGAA CCACCACAAG GAGCTCATTT TCTTGCCAAA AGTCTGGACC 2 900 
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ATGCCTTAAA ACTTATTGAA CAACCAGAGT TAGCAGATAA AGTGGACATG 2 950 
GTTTGGATAG TTGGAGGCAG TTCCGTTTAC AAGGAAGCCA TGAATCAGCC 3 000 
AGGCCATCTC AGACTCTTTG TGACAAGGAT CATGCAGGAA TTTGAAAGTG 3 050 
ACACGTTCTT CCCAGAAATT GATTTGGAGA AATATAAACT TCTCCCAGAG 3100 
TACCCAGGGG TCCTTTCTGA AGTCCAGGAG GAAAAAGGCA TCAAGTATAA 3150 
ATTTGAAGTC TATGAGAAGA AAGGCTAACA GAAAGATACT TGCTGATTGA 3200 
CTTCAAGTTC TACTGCTTTC CTCCTAAAAT TATGCATTTT TACAAGACCA 3250 
TGGGACTTGT GTTGGCTTTA GATCCTGTGC ATCCTGGGCA ACTGTTGTAC 3300 
TCTAAGCCAC TCCCCAAAGT CATGCCCCAG CCCCTGTATA ATTCTAAACA 3350 
ATTAGAATTA TTTTCATTTT CATTAGTCTA ACCAGGTTAT ATTAAATATA 3400 
CTTTAAGAAA CACCATTTGC CATAAAGTTC TCAATGCCCC TCCCATGCAG 3450 
CCTCAAGTGG CTCCCCAGCA GATGCATAGG GTAGTGTGTG TACAAGAGAC 3 500 
CCCAAAGACA TAGAGCCCCT GAGAGCATGA GCTGATATGG GGGCTCATAG 3 550 
AGATAGGAGC TAGATGAATA AGTACAAAGG GCAGAAATGG GTTTTAACCA 3 600 
GCAGAGCTAG AACTCAGACT TTAAAGAAAA TTAGATCAAA GTAGAGACTG 3 650 
AATTATTCTG CACATCAGAC TCTGAGCAGA GTTCTGTTCA CTCAGACAGA 3 700 
AAATGGGTAA ATTGAGAGCT GGCTCCATTG TGCTCCTTAG AGATGGGAGC 3 750 
AGGTGGAGGA TTATATAAGG TCTGGAACAT TTAACTTCTC CGTTTCTCAT 3 800 
CTTCAGTGAG ATTCCAAGGG ATACTACAAT TCTGTGGAAT GTGTGTCAGT 3 850 
TAGGGTGTGG AAAGTCCCCA GGCTCCCCAG CAGGCAGAAG TATGCAAAGC 3 900 
ATGCATCTCA ATTAGTCAGC AACCAGGTGT GGAAAGTCCC CAGGCTCCCC 4 000 
AGCAGGCAGA AGTATGCAAA GCATGCATCT CAATTAGTCA GCAACCATAG 4 050 
TCCCGCCCCT AACTCCGCCC ATCCCGCCCC TAACTCCGCC CAGTTCCGCC 4100 
CATTCTCCGC CCCATGGCTG ACTAATTTTT TTTATTTATG CAGAGGCCGA 4150 
GGCGCCTCTG AGCTATTCCA GAAGTAGTGA GGAGGCTTTT TTGGAGGCCT 4200 
AGGCTTITGC AAAAAAGCTA ATTCAGCCTG AATGGCGAAT GGGACGCGCC 4250 
CTGTAGCGGC GCATTAAGCG CGGCGGGTGT GGTGGTTACG CGCAGCGTGA 4255 
CCGCTACACT TGCCAGCGCC CTAGCGCCCG CTCCTTTCGC TTTCTTCCCT 4300 
TCCTTTCTCG CCACGTTCGC CGGCTTTCCC CGTCAAGCTC TAAATCGGGG 4350 
GCTCCCTTTA GGGTTCCGAT TTAGTGCTTT ACGGCACCTC GACCCCAAAA 4400 
ACTTGATTAG GGTGATGGTT CACGTAGTGG GCCATCGCCC TGATAGACGG 4450 
TTTTTCGCCC TTTGACGTTG GAGTCCACGT TCTTTAATAG TGGACTCTTG 4 500 
TTCCAAACTG GAACAACACT CAACCCTATC TCGGTCTATT CTTTTGATTT 4 550 
ATAAGGGATT TTGCCGATTT CGGCCTATTG GTTAAAAAAT GAGCTGATTT 4 600 
AACAAAAATT TAACGCGAAT TTTAACAAAA TATTAACGTT TACAATTTCA 4 650 
GGTGGCACTT TTCGGGGAAA TGTGCGCGGA ACCCCTATTT GTTTATTTTT 4700 
CTAAATACAT TCAAATATGT ATCCGCTCAT GAGACAATAA CCCTGATAAA 4750 
TGCTTCAATA ATATTGAAAA AGGAAGAGTA TGAGTATTCA ACATTTCCGT 4800 
GTCGCCCTTA TTCCCTTTTT TGCGGCATTT TGCCTTCCTG TTTTTGCTCA 4850 
CCCAGAAACG CTGGTGAAAG TAAAAGATGC TGAAGATCAG TTGGGTGCAC 4 900 
GAGTGGGTTA CATCGAACTG GATCTCAACA GCGGTAAGAT CCTTGAGAGT 4 950 
TTTCGCCCCG AAGAACGTTT TCCAATGATG AGCACTTTTA AAGTTCTGCT 5000 
ATGTGGCGCG GTATTATCCC GTATTGACGC CGGGCAAGAG CAACTCGGTC 5050 
GCCGCATACA CTATTCTCAG AATGACTTGG TTGAGTACTC ACCAGTCACA 5100 
GAAAAGCATC TTACGGATGG CATGACAGTA AGAGKATTAT GCAGTGCTGC 5150 
CATAACCATG AGTGATAACA CTGCGGCCAA CTTACTTCTG ACAACGATCG 5200 
GAGGACCGAA GGAGCTAACC GCTTTTTTGC ACAACATGGG GGATCATGTA 5250 
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ACTCGCCTTG ATCGTTGGGA ACCGGAGCTG AATGAAGCCA TACCAAACGA 5300 
CGAGCGTGAC ACCACGATGC CTGTAGCAAT GGCAACAACG TTGCGCAAAC 5350 
TATTAACTGG CGAACTACTT ACTCTAGCTT CCCGGCAACA ATTAATAGAC 5400 
TGGATGGAGG CGGATAAAGT TGCAGGACCA CTTCTGCGCT CGGCCCTTCC 5450 
GGCTGGCTGG TTTATTGCTG ATAAATCTGG AGCCGGTGAG CGTGGGTCTC 5500 
GCGGTATCAT TGCAGCACTG GGGCCAGATG GTAAGCCCTC CCGTATCGTA 5550 
GTTATCTACA CGACGGGGAG TCAGGCAACT ATGGATGAAC GAAATAGACA 5600 
GATCGCTGAG ATAGGTGCCT CACTGATTAA GCATTGGTAA CTGTCAGACC 5650 
AAGTTTACTC ATATATACTT TAGATTGATT TAAAACTTCA TTTTTAATTT 5700 
AAAAGGATCT AGGTGAAGAT CCTTTTTGAT AATCTCATGA CCAAAATCCC 5750 
TTAACGTGAG TTTTCGTTCC ACTGAGCGTC AGACCCCGTA GAAAAGATCA 5800 
AAGGATCTTC TTGAGATCCT TTTTTTCTGC GCGTAATCTG CTGCTTGCAA 5850 
ACAAAAAAAC CACCGCTACC AGCGGTGGTT TGTTTGCCGG ATCAAGAGCT 5900 
ACCAACTCTT TTTCCGAAGG TAACTGGCTT CAGCAGAGCG CAGATACCAA 6000 
ATACTGTCCT TCTAGTGTAG CCGTAGTTAG GCCACCACTT CAAGAACTCT 6050 
GTAGCACCGC CTACATACCT CGCTCTGCTA ATCCTGTTAC CAGTGGCTGC 6100 
TGCCAGTGGC GATAAGTCGT GTCTTACCGG GTTGGACTCA AGACGATAGT 6150 
TACCGGATAA GGCGCAGCGG TCGGGCTGAA CGGGGGGTTC GTGCACACAG 6200 
CCCAGCTTGG AGCGAACGAC CTACACCGAA CTGAGATACC TACAGCGTGA 6250 
GCATTGAGAA AGCGCCACGC TTCCCGAAGG GAGAAAGGCG GACAGGTATC 6300 
CGGTLAGCGG CAGGGTCGGA ACAGGAGAGC GCACGAGGGA GCTTCCAGGG 6350 
GGAAACGCCT GGTATCTTTA TAGTCCTGTC GGGTTTCGCC ACCTCTGACT 6400 
TGAGCGTCGA TTTTTGTGAT GCTCGTCAGG GGGGCGGAGC CTATGGAAAA 6450 
ACGCCAGCAA CGCC 6464 

(69) INFORMATION FOR SEQ ID NO: 68: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2173 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY : linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 68: 



GAATTCCTTT TCTCCGAGTT 
TGGATACGAG AATCCTGGAG 
CTTTGAGCCT TTCTAACCCG 
GGTCCGATCG TCTTACTTCA 
CCCAGCCCCA ATGGGGGAGT 



TTCTGAACTC TGGCTCATGA 
GACCGTACCC TGATTTCCAT 
GGGCTCACGC TGCCAACACC 
TTCACCAGCG TTGCCAATTG 
GAGAGAGGCC ACTGCCGGCC 



TCGGGCTTAC 5 0 

CTACCTCTGA 100 

CGGGCCACCT 150 

CTGCCCTGTC 200 

GGAC 244 



ATG GGT CTC CCC ATC GTG CCT GGC CTG CTG CTG TCA CTG GTG CTC 289 
Met Gly Leu Pro lie Val Pro Gly Leu Leu Leu Ser Leu Val Leu 

5 • 10 15 



CTG GCT CTG CTG ATG GGG ATA CAC CCA TCA GGG GTC ACC GGA CTG 
Leu Ala Leu Leu Met Gly lie His Pro Ser Gly Val Thr Gly Leu 



334 
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GTT CCT TCT CTT 
Val Pro Ser Leu 



GAG GGA AAG TAT 
Gin Gly Lys Tyr 



AAG TGC CAC AAA 
Lys Cys His Lys 



GGG CAG GAA ACA 
Gly Gin Glu Thr 



GCT TCG CAG AAC 
Ala Ser Gin Asn 



CGG AAA GAA ATG 
Arg Lys Glu Yet 



ATG GAG ACC GTG 
Met Asp Thr Val 



CTG AGT GAG ACG 
Leu Ser Glu Thr 



AAT GGC ACC GTG 
Asn Gly Thr Val 



TGT AAC TGC CAC 
Cys Asn Cys His 



CCT TGC AGC CAC 
Pro Cys Ser His 



CTA CCT CCA GTT 
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GGT GAC CGG GAG 
Gly Asp Ara Glu 
35 

GCC CAT CCA AAG 
Ala His Pro Lys 
50 

GGA ACC TAC TTG 
Gly Thr Tyr Leu 
65 

GTC TGC GAG CTC 
Val Cys Glu Leu 
80 

CAC GTC AGA CAG 
His Val Arg Gin 
95 

TTC CAG GTG GAG 
Phe Gin Val Glu 
110 

TGT GGC TGC AAG 
Cys Gly Cys Lys 
125 

CAT TTC CAG TGT 
His Phe Gin Cys 
140 

ACA ATC CCC TGT 
Thr lie Pro Cys 
155 

GCA GGA TTC TTT 
Ala Gly Phe Phe 
170 

TGC AAG AAA AAT 
Cys Lys Lys Asn 
185 

GCA AAT GTC ACA 
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AAG AGG GAT AAT 
Lys Arg Asp Asn 
40 

AAT AAT TCC ATC 
Asn Asn Ser lie 

55 

GTG AGT GAC TGT 
Val Ser Asp Cys 
70 

TCT CAT AAA GGC 
Ser His Lys Gly 
85 

TGT CTC AGT TGC 
Cys Leu Ser Cys 
100 

ATT TCT CCT TGC 
lie Ser Pro Cys 
115 

PAG AkC CAA TTC 
Lys Asn Gin Phe 
130 

GTG GAC TGC AGC 
Val Asp Cys Ser 
145 

AAG GAG AAA CAG 
Lys Glu Lys Gin 
160 

CTA AGC GGA AAT 
Leu Ser Gly Asn 
175 

CAG GAA TGT ATG 
Gin Glu Cys Met 
190 

AAC CCC CAG GAC 
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TTG TGT CCC 379 
Leu Cys Pro 
45 

TGC TGC ACC 424 
Cys Cvs Thr 
60 

CCA AGC CCA 469 
Pro Ser Pro 
75 

ACC TTT ACA 514 
Thr Phe Thr 
90 

AAG ACA TGT 559 
Lys Thr Cys 
105 

AAA GCT GAC 604 
Lys Ala Asp 
120 

CAG CGC TAC 64 9 
Gin Arg Tyr 
135 

CCC TGC TTC 694 
Pro Cys Phe 
150 

AAC ACC GTG 73 9 
Asn Thr Val 
165 

GAG TGC ACC 784 
Glu Cys Thr 
180 

AAG CTG TGC 829 
Lys Leu Cys 
195 

TCA GGT ACT 874 



Leu Pro Pro Val 



GCC GIC CTG TTG 
Ala Val Leu Leu 



TTC TTT ATC TGC 
Phe Phe lie Cys 



CCC AGG GTC TAG 
Pro Arg Val Tyr 



GAG GTG GAG GGT 
Glu Val Glu Gly 



TCT ATC CCA GCC 
Ser lie Pro Ala 



GGC TTC AGC ACC 
Gly Phe Ser Thr 



CCC ATC AGC CCC 
Pro lie Ser Pro 



CCA CCT GTA AGA 
Pro Pro Val Arg 



CTC TAC GGA TCC 
Leu Tyr Gly Ser 



AAA TGG GAA GAC 
Lys Trp Glu Asp 



GCA GAC CCT GCG 
Ala Asp Pro Ala 



Ala Asn Val Thr 
200 

CCT CTG GTT ATC 
Pro Leu Val lie 
215 

ATC AGT CTA CTG 
lie Ser Leu Leu 
230 

TCC ATC ATT TGT 
Ser lie lie Cys 
245 

GAA GGA ATT GTT 
Glu Gly He Val 
260 

TTC AGC CCC AAC 
Phe Ser Pro Asn 
275 

ACC CCA CGC TTC 
Thr Pro Arg Phe 
290 

GTC TTC GGT CCT 
Val Phe Gly Pro 
305 

GAG GTG GTC CCA 
Glu Val Val Pro 
320 

CTC AAC CCT GTG 
Leu Asn Pro Val 

335 

GTC GTC GCG GCC 
Val Val Ala Ala 
350 

ATG CTG TAT GCT 
Met Leu Tyr Ala 
365 
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Asn Pro Gin Asp 
205 

TTC CTA GGT CTT 
Phe Leu Gly Leu 
220 

TGC CGA TAT CCC 
Cys Arg Tyr Pro 
235 

AGG GAT TCA GCT 
Arg Asp Ser Ala 
250 

ACT AAG CCC CTA 
Thr Lys Pro Leu 
265 

CCC GGC TTC AAC 
Pro Gly Phe Asn 
280 

AGT CAT CCT GTC 
Ser His Pro Val 
295 

AGT AAC TGG CAC 
Ser Asn Trp His 
310 

ACC CAG GGT GCT 
Thr Gin Gly Ala 
325 

CCA ATC CCC GCC 
Pro He Pro Ala 
340 

CAG CCA CAA CGG 
Gin Pro Gin Arg 
355 

GTG GTG GAT GGC 
Val Val Asp Gly 
370 



Ser Gly Thr 
210 

TGC CTT TTA 919 
Cys Leu Leu 
225 

CAG TGG AGG 964 
Gin Trp Arg 
240 

CCT GTC AAA 1009 
Pro Val Lys 
255 

ACT CCA GCC 1054 
Thr Pro Ala 
270 

CCC ACT CTG 10 99 
Pro Thr Leu 
285 

TCC AGT ACC 1144 
Ser Ser Thr 
300 

AAC TTC GTG 1189 
Asn Phe Val 
315 

GAC CCT CTC 1234 
Asp Pro Leu 
330 

CCT GTT CGG 1279 
Pro Val Arg 
345 

CTT GAC ACT 1324 
Leu Asp Thr 
360 

GTG CCT CCG 13 69 
Val Pro Pro 
375 
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ACA CGC TGG AAG GAG TTC ATG CGG CTC CTG GGG CTG AGC GAG CAC 1414 
Thr Arg Trp Lys Glu Phe Met Arg Leu Leu Gly Leu Ser Glu His 

380 385 390 

GAG ATC GAG CGG TTG GAG CTG CAG AAC GGG CGT TGC CTC CGC GAG 1459 
Glu lie Glu Arc Leu Glu Leu Gin Asn Gly Arg Cys Leu Arg Glu 

395 400 405 

GCT CAT TAC AGC ATG CTG GAA GCC TGG CGG CGC CGC ACA CCG CGA 1504 
Ala His Tyr Ser Met Leu Glu Ala Trp Arg Arg Arg Thr Pro Arg 

410 415 420 

CAC GAG GCC ACG CTG GAC GTA GTG GGC CGC GTG CTT TGC GAC ATG 1549 
His Glu Ala Thr Leu Asp Val Val Gly Arg Val Leu Cys Asp Met 

425 430 435 

AAC CTG CGT GGC TGC CTG GAG AAC ATC CGC GAG ACT CTA GAA AGC 1594 
Asn Leu Arg Gly Cys Leu Glu Asn lie Arg Glu Thr Leu Glu Ser 

440 445 450 

CCT GCC CAC TCG TCC ACG ACC CAC CTC CCG CGA TAAGGCCACA 1637 
Pro Ala His Ser Ser Thr Thr His Leu Pro Arg 

455 460 

CCCCCACCTC AGGAACGGGA CTCGAAGGAC CATCCTGCTA GATGCCCTGC 1687 

TTCCCTGTGA ACCTCCTCTT TGGTCCTCTA GGGGGCAGGC TCGATCTGGC 1737 

AGGCTCGATC TGGCAGCCAC TTCCTTGGTG CTACCGACTT GGTGTACATA 1787 
GCTTTTCCCA GCTGCCGAGG ACAGCCTGTG CCAGCCACTT GTGCATGGCA • 1837 

GGGAAGTGTG CCATCTGCTC CCAGACAGCT GAGGGTGCCA AAAGCCAGGA 1887 

GAGGTGATTG TGGAGAAAAA GCACAATCTA TCTGATACCC ACTTGGGATG 1937 

CAAGGACCCA AACAAAGCTT CTCAGGGCCT CCTCAGTTGA TTTCTGGGCC 1987 

CTTTTCACAG TAGATAAAAC AGTCTTTGTA TTGATTATAT CACACTAATG 2 037 

GATGAACGGT TGAACTCCCT AAGGTAGGGG CAAGCACAGA ACAGTGGGGT 2 087 

CTCCAGCTGG AGCCCCCGAC TCTTGTAAAT ACACTAAAAA TCTAAAAGTG 2137 

AAAAAAAAAA AAAAAAAAAA AAAAAAAAAG GAATTC 2173 

(70) INFORMATION FOR SEQ ID NO: 69: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 461 amino acids 

(B) TYPE: polypeptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 69: 

Met Gly Leu Pro lie Val Pro Gly Leu Leu Leu Ser Leu Val Leu 

5 10 15 

Leu Ala Leu Leu Met Gly lie His Pro Ser Gly Val Thr Gly Leu 



20 

Val Pro Ser Leu Gly 

35 

Gin Gly Lys Tyr Ala 

50 

Lys Cys His Lys Gly 

65 

Gly Gin Glu Thr Val 

80 

Ala Ser Gin Asn His 

95 

Arg Lys Glu Yet Phe 

110 

Met Asp Thr Val Cys 

125 

Leu Ser Glu Thr His 

140 

Asn Gly Thr Val Thr 

155 

Cys Asn Cys His Ala 

170 

Pro Cys Ser His Cys 

185 

Leu Pro Pro Val Ala 

200 

Ala Val Leu Leu Pro 

215 

Phe Phe lie Cys lie 

230 

Pro Arg Val Tyr Ser 

245 

Glu Val Glu Gly Glu 

260 

Ser lie Pro Ala Phe 

275 

Gly Phe Ser Thr Thr 

290 

Pro lie Ser Pro Val 

305 

Pro Pro Val Arg Glu 

320 

Leu Tyr Gly Ser Leu 

335 

Lys Trp Glu Asp Val 

350 

Ala Asp Pro Ala Met 
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Asp Ara Glu Lys Arg 

40 

His Pro Lys Asn Asn 

55 

Thr Tyr Leu Val Ser 

70 

Cys Glu Leu Ser His 

85 

Val Arg Gin Cys Leu 

100 

Gin Val Glu He Ser 

115 

Gly Cys Lys Lys Asn 

130 

Phe Gin Cys Val Asp 

145 

He Pro Cys Lys Glu 

160 

Gly Phe Phe Leu Ser 

175 

Lys Lys Asn Gin Glu 

190 

Asn Val Thr Asn Pro 

205 

Leu Val He Phe Leu 

220 

Ser Leu Leu Cys Arg 

235 

He He Cys Arg Asp 

250 

Gly He Val Thr Lys 

265 

Ser Pro Asn Pro Gly 

280 

Pro Arg Phe Ser His 

295 

Phe Gly Pro Ser Asn 

310 

Val Val Pro Thr Gin 

325 

Asn Pro Val Pro He 

340 

Val Ala Ala Gin Pro 

355 

Leu Tyr Ala Val Val 
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Asp Asn Leu Cys Pro 

45 

Ser He Cys Cvs Thr 

60 

Asp Cys Pro Ser Pro 

75 

Lys Gly Thr Phe Thr 

90 

Ser Cys Lys Thr Cys 

105 

Pro Cys Lys Ala Asp 

120 

Gin Phe Gin Arg Tyr 

135 

Cys Ser Pro Cys Phe 

150 

Lys Gin Asn Thr Val 

165 

Gly Asn Glu Cys Thr 

180 

Cys Met Lys Leu Cys 

195 

Gin Asp Ser Gly Thr 

210 

Gly Leu Cys Leu Leu 

225 

Tyr Pro Gin Trp Arg 

240 

Ser Ala Pro Val Lys 

255 

Pro Leu Thr Pro Ala 

270 

Phe Asn Pro Thr Leu 

285 

Pro Val Ser Ser Thr 

300 

Trp His Asn Phe Val 

315 

Gly Ala Asp Pro Leu 

330 

Pro Ala Pro Val Arg 

345 

Gin Arg Leu Asp Thr 

360 

Asp Gly Val Pro Pro 
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365 370 375 

Thr Arg Trp Lys Glu Phe Met Arg Leu Leu Gly Leu Ser Glu His 

380 385 390 

Glu lie Glu Arc Leu Glu Leu Gin Asn Gly Arg Cys Leu Arg Glu 

395 400 405 

Ala His Tyr Ser Met Leu Glu Ala Trp Arg Arg Arg Thr Pro Arg 

410 415 420 

His Glu Ala Thr Leu Asp Val Val Gly Arg Val Leu Cys Asp Met 

425 430 435 

Asn Leu Arg Gly Cys Leu Glu Asn lie Arg Glu Thr Leu Glu Ser 

440 445 450 

Pro Ala His Ser Ser Thr Thr His Leu Pro Arg 

455 460 

(71) INFORMATION FOR SEQ ID NO: 70: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1232 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 70: 

GAATTCTCTG GACTGAGGCT CCAGTTCTGG CCTTTGGGGT TCAAGATCAC 50 
TGGGACCAGG CCGTGATCTC TATGCCCGAG TCTCAACCCT CAACTGTCAC 100 
CCCAAGGCAC TTGGGACGTC CTGGACAGAC CGAGTCCCGG GAAGCCCCAG 150 
CACTGCCGCT GCCACACTGC CCTGAGCCCA GATGGGGGAG TGAGAGGCCA 2 00 

TAGCTGTCTG GC 212 

ATG GGC CTC TCC ACC GTG CCT GAC CTG CTG CTG CCA CTG GTG CTC 257 
Met Gly Leu Ser Thr Val Pro Asp Leu Leu Leu Pro Leu Val Leu 

5 10 15 

CTG GAG CTG TTG GTG GGA ATA TAC CCC TCA GGG GTT ATT GGA CTG 3 02 
Leu Glu Leu Leu Val Gly lie Tyr Pro Ser Gly Val lie Gly Leu 

20 25 30 

GTC CCT CAC CTA GGG GAC AGG GAG AAG AGA GAT AGT GTG TGT CCC 347 
Val Pro His Leu Gly Asp Arg Glu Lys Arg Asp Ser Val Cys Pro 

35 40 45 

CAA GGA AAA TAT ATC CAC CCT CAA AAT AAT TCG ATT TGC TGT ACC 3 92 
Gin Gly Lys Tyr lie His Pro Gin Asn Asn Ser lie Cys Cys Thr 

50 55 60 



AAG TGC CAC AAA GGA ACC TAC TTG TAC AAT GAC TGT CCA GGC CCG 
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Lys Cys His Lys 



GGG CAG GAT ACG 
Gly Gin Asp Thr 



GCT TCA GAA AAC 
Ala Ser Glu Asn 



CGA AAG GAA ATG 
Arg Lys Glu Met 



CGG GAG ACC GTG 
Arg Asp Thr Val 



TGG AGT GAA AAC 
Trp Ser Glu Asn 



AAT GGG ACC GTG 
Asn Gly Thr Val 



TGC ACC TGC CAT 
Cys Thr Cys His 



TCC TGT AGT AAC 
Ser Cys Ser Asn 



CTA CCC CAG ATT 
Leu Pro Gin lie 



ACA GTG CTG TTG 
Thr Val Leu Leu 



TCC CTC CTC TTC 
Ser Leu Leu Phe 



Gly Thr Tyr Leu 
65 

GAC TGC AGG GAG 
Asp Cys Arg Glu 
80 

CAC CTC AGA CAC 
His Leu Arg His 
95 

GGT CAG GTG GAG 
Gly Gin Val Glu 
110 

TGT GGC TGC AGG 
Cys Gly Cys Arg 

125 

CTT TTC CAG TGC 
Leu Phe Gin Cys 
140 

CAC CTC TCC TGC 
His Leu Ser Cys 
155 

GCA GGT TTC TTT 
Ala Gly Phe Phe 
170 

TGT AAG AAA AGC 
Cys Lys Lys Ser 
185 

GAG AAT GTT AAG 
Glu Asn Val Lys 
200 

CCC CTG GTC ATT 
Pro Leu Val lie 
215 

ATT GGT TTA ATG 
lie Gly Leu Met 
230 
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Tyr Asn Asp Cys 
70 

TGT GAG AGC GGC 
Cys Glu Ser Gly 
85 

TGC CTC AGC TGC 
Cys Leu Ser Cys 
100 

ATC TCT TCT TGC 
lie Ser Ser Cys 
115 

AAG AAC CAG TAC 
Lys Asn Gin Tyr 

130 

TTC AAT TGC AGC 
Phe Asn Cys Ser 
145 

CAG GAG AAA CAG 
Gin Glu Lys Gin 
160 

CTA AGA GAA AAC 
Leu Arg Glu Asn 
175 

CTG GAG TGC ACG 
Leu Glu Cys Thr 
190 

GGC ACT GAG GAC 
Gly Thr Glu Asp 
205 

TTC TTT GGT CTT 
Phe Phe Gly Leu 
220 

TAT CGC TAC CAA 
Tyr Arg Tyr Gin 
235 



Pro Gly Pro 
75 

TCC TTC ACC 482 
Ser Phe Thr 
90 

TCC AAA TGC 527 
Ser Lys Cys 
105 

ACA GTG GAC 572 
Thr Val Asp 
120 

CGG CAT TAT 617 
Arg His Tyr 

135 

CTC TGC CTC 662 
Leu Cys Leu 
150 

AAC ACC GTG 707 
Asn Thr Val 
165 

GAG TGT GTC 752 
Glu Cys Val 
180 

AAG TTG TGC 797 
Lys Leu Cys 
195 

TCA GGC ACC 842 
Ser Gly Thr 
210 

TGC CTT TTA 887 
Cys Leu Leu 
225 

CGG TGG AAG 932 
Arg Trp Lys 
240 
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TCC AAG CTC TAG TCC ATT GTT TGT GGG AAA TCG ACA CCT GAA AAA 977 
Ser Lys Leu Tyr Ser lie Val Cys Gly Lys Ser Thr Pro Glu Lys 

245 250 255 

GAG GGG GAG CTT GAA GGA ACT ACT ACT AAG CCC CTG GCC CCA AAC 1022 
Glu Gly Glu Leu Glu Gly Thr Thr Thr Lys Pro Leu Ala Pro Asn 

260 265 270 

CCA AGC TTC AGT CCC ACT CCA GGC TTC ACC CCC ACC CTG GGC TTC 1067 
Pro Ser Phe Ser Pro Thr Pro Gly Phe Thr Pro Thr Leu Gly Phe 

275 280 285 

AGT CCC GTG CCC AGT TCC ACC TTC ACC TCC AGC TCC ACC TAT ACC 1112 
Ser Pro Val Pro Ser Ser Thr Phe Thr Ser Ser Ser Thr Tyr Thr 

290 295 300 

CCC GGT GAC TGT CCC AAC TTT GCG GCT CCC CGC AGA GAG GTG GCA 1157 
Pro Gly Asp Cys Pro Asn Phe Ala Ala Pro Arg Arg Glu Val Ala 

305 310 315 

CCA CCC TAT CAG GGG GCT GAC CCC ATC CTT GCG ACA GCC CTC GCC 12 02 
Pro Pro Tyr Gin Gly Ala Asp Pro lie Leu Ala Thr Ala Leu Ala 

320 325 330 

TCC GAC CCC ATC CCC AAC CCC CTT CAG AAG 1232 

Ser Asp Pro lie Pro Asn Pro Leu Gin Lys 

335 340 

(72) INFORMATION FOR SEQ ID N0:71: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 0 amino acids 

(B) TYPE: polypeptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 71: 

Met Gly Leu Ser Thr Val Pro Asp Leu Leu Leu Pro Leu Val Leu 

5 10 15 

Leu Glu Leu Leu Val Gly lie Tyr Pro Ser Gly Val lie Gly Leu 

20 25 30 

Val Pro His Leu Gly Asp Arg Glu Lys Arg Asp Ser Val Cys Pro 

35 40 45 

Gin Gly Lys Tyr lie His Pro Gin Asn Asn Ser lie Cys Cys Thr 
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50 



55 



60 



Lys Cys His Lys Gly Thr Tyr Leu Tyr Asn Asp Cys Pro Gly Pro 

65 70 75 

Gly Gin Asp Thr Asp Cys Arg Glu Cys Glu Ser Gly Ser Phe Thr 

80 85 90 

Ala Ser Glu Asn His Leu Arg His Cys Leu Ser Cys Ser Lys Cys 

95 100 105 

Arg Lys Glu Met Gly Gin Val Glu lie Ser Ser Cys Thr Val Asp 

110 115 120 

Arg Asp Thr Val Cys Gly Cys Arg Lys Asn Gin Tyr Arg His Tyr 



Trp Ser Glu Asn Leu Phe Gin Cys Phe Asn Cys Ser Leu Cys Leu 

140 145 150 

Asn Gly Thr Val His Leu Ser Cys Gin Glu Lys Gin Asn Thr Val 

155 160 165 

Cys Thr Cys His Ala Gly Phe Phe Leu Arg Glu Asn Glu Cys Val 

170 175 180 

Ser Cys Ser Asn Cys Lys Lys Ser Leu Glu Cys Thr Lys Leu Cys 

185 190 195 

Leu Pro Gin lie Glu Asn Val Lys Gly Thr Glu Asp Ser Gly Thr 

200 205 210 

Thr Val Leu Leu Pro Leu Val lie Phe Phe Gly Leu Cys Leu Leu 

215 220 225 

Ser Leu Leu Phe lie Gly Leu Met Tyr Arg Tyr Gin Arg Trp Lys 

230 235 240 

Ser Lys Leu Tyr Ser lie Val Cys Gly Lys Ser Thr Pro Glu Lys 

245 250 255 

Glu Gly Glu Leu Glu Gly Thr Thr Thr Lys Pro Leu Ala Pro Asn 

260 265 270 

Pro Ser Phe Ser Pro Thr Pro Gly Phe Thr Pro Thr Leu Gly Phe 

275 280 285 

Ser Pro Val Pro Ser Ser Thr Phe Thr Ser Ser Ser Thr Tyr Thr 

290 295 300 

Pro Gly Asp Cys Pro Asn Phe Ala Ala Pro Arg Arg Glu Val Ala 

305 310 315 

Pro Pro Tyr Gin Gly Ala Asp Pro lie Leu Ala Thr Ala Leu Ala 

320 325 330 

Ser Asp Pro lie Pro Asn Pro Leu Gin Lys 



125 



130 



135 



335 



340 



(73) INFORMATION FOR SEQ ID NO:72: 



(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 19 bases 



117 




. (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



xi) SEQUENCE DESCRIPTION: SEQ ID NO:72 



GTACTTGAAC TCGTTCCTG 
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Molecular cloning of TNF 'Binding Protein 

t 

i 

i 
I 

t 

■ i 



Ytda Rtt«arch tnd 1 
©•▼•lopment Co. Ltd. - 
T/eil 



The Invention rel.tei ►« r 

"id protein. °^ "<llng for 

•"-tent Applictlon No. 83878 of th. , 
-"protein found i„ 'PP^^"nt di.cio... . 

- ^0 it, ' " — - Mndin, Of 

receptor, the cytotoxic effect of tnk thi, 

- -hereinafter thp Bindin p '"''"^ 

®^""*^°8 Protein I or TBP-l 
Proc... ^^^^^^ - 

— P-"in fr.c„„ „ 

Binding Protein frea .ten /k, . 

•'•P <b) to reverted pha,* hl-k ^ 
liquid chre«.togr.phr (HPLC, . high pr.,.ur. 

I*r (HPLC) to Obtain .ub-tentLUy p„i,i., 
•ctive fraction, of th. tnp bi„-. 

.bill. . defined by it. 

•hiUtr to inhibit both th. binding of THP to 1. 

" » - -.t.nti.ii, p„rifi.d protein of .t.p ... 

^'^^"^ -«-f .bo. ..3 Kd. on : 1^ 

-der reducing condition.. o«,ving ., . ' , , 
nk ™»ving as . single peak on rever.«d 

phase HPLC and having the ahn,. "ver.ed 

' ''^ '"'^ "nding Of 

" 'he cytotoxic effect of tnp. 



Th. purified TBP.I v.. ..qu.nc.d .nd .h«»m to cont.la .t tk, 
M- terminus the following aalno ecld sequence t 



"I 

Asp.Ser.V.l.Cy..Pro.Cln.Cly.L7.-T7r.Ii;.ais.Pro.Gln.Asn.A.n.Ser 



The Invention relates to ollgonjicleotlde probes to the cOMA 
coding for t protein comprising the emlho ecld sequence of TBP-l. the 
probes were synthesized by known methods on the basis of the above 
amino acid sequence of the N- terminus of TBP-l. 

The Invention also relates to p DHA molecule comprising a 
recombinant DMA molecule or a cDNA 'molecule coding for a protein 
comprising the amino acid sequence of TBP-I or a protein 
substantially homologous therewith, i Within the scope of the 
invention are DHA molecules encoding said homologous proteins having 

the same biological activities of TBP-Ii 

I 

In a preferred embodiment, the DMA molecule is a cDRA molecule 
picked up from a human cDHA library, in particular a colon cDHA 
library. Illustrated in Pigur. 1 ie ajpartlal restriction map of an 
Insert of about 1.0 Kb of euch • eOKA molecule obtained in agarose 
g«l and herein designated C2. Piguj. 2 illustrates a partial 
nucleotide sequence of said C2 insert | and also a partial translated 
•alno acid sequence comprising the HH.- terminal amino acid sequence 



of TBP-I encoded thereby. Figure 3 



nucleotide sequence of the C2 Insert, starting from nucleotide 342 



illustrates another partial 



sequence of the whole insert. 



Figure 4 shows a possible nucleotide 
that seems to have 965 nucleotidee. 

The invention further comprisee cloning of said cDHA molecule 



into . .eplicable plas^ld vector and tran.f onnatlon of . bacterlun.. 

e.g.. competent E.coli TGI therewith. 

In another aspect, the invention comprise, the isolation of nUlNA 
coding for a protein comprising the amino acid sequence of TBP.l by 
extraction from cell, and its detection by hybridization with the 
cDNA of the invention. 

once the O.RMA is obtained in a purified form, the cDKA coding 
for a protein comprising the amino acid sequence of TBP-I can be 
obtained by contacting the mRKA with reverse transcriptase for a time 
and under conditions sufficient to for. said cDHA. This cDMA may be 
converted to double stranded cDNA by known techniques. 

Probe, may be prepared from the cDHA sequences of the invention 
and used for Isolation of the genomic DHA coding for a protein ' 
comprising the amino acid sequence of TBP-I by known method., e.g. by 
colony hybridization technique, under stringent conditions. 

The DMA of positive clones are then inserted into appropriately 
constructed expression vector, by technique, well known in the art. 
Double-stranded cDNA 1. linked to plasmld vectors by homopolymeric 
tailing or by restriction linking involving the use of synthetic DHA 
linker, or blunt-ended ligation technique.. DHA liga.e. are used to 
Ugate the DMA molecule, and unde.lr.bl. Joining 1. .voided by 
treatment with alkaline phosphate... 

In order to be capable of expressing a desired protein, .n 
expression vector should comprise also specific nucleotide sequences 
containing transcriptional and tran.l.tional regulatory information 
linked to the DMA coding for the de.lred protein in such a way a. to 
permit gene expression and production of the protein. The gene must 
be preceded by a promoter in order to be transcribed. There are a 



3 



variety of ,uch promoter, in use. which work with different 
efficiencies (strong and weak promoters) . 

The DNA molecul. comprising the nucleotide sequence coding for a 
protein comprising the amino acid sjsquence of TBP-l preceded by a 
nucleotide sequence of a signal peptide and the operably linked 
tran.crlption*l and translational regulatory signals is inserted into 
a vector which is capable of integrating the desired gene sequences 
Into the host cell chromosome. Tha cells which h«ve stably 
integrated the introduced DNA into their chromosomes can be selected 
by also introducing one or more markers which allow for selection of 
host cells which contain the expression, vector. 

In a preferred embodiment, the introduced DMA molecule will be 
Incorporated into a plasmid or viral vector capable of autonomous 
replication in the recipient host.; Factors of importance in 
selecting a particular plasmid or viral vector Include the ease with 
which recipient cells that contain the vector may be recognized and 
selected from those recipient cells which do not contain the vector? 
the number of copies of the vector which are desired in a particular 
host and whether it is desirable to be able to "shuttle* the vector 
between host cells of different species. Once the vector or DMA 
sequence containing the construct (s^ has been prepared for 
expression, the DHA constructCs) may' be introduced into an appro- 
priate host cell by any of a variety 9f suitable means i transforma- 
tion, transfection, conjugation, protoplast fusion, electroporation, 
calcium phosphate precipitation, direct 
Host cells to be used in th; 
prokaryotic or eukaryotic. Preferre^ prokaryotic hosts Include 
bacteria, such as B.coli. Under such conditions, the protein will 



odcroinjection, etc. 

s Invention may be either 



not b. glycosylated. The prok.ryotlc ho.t mu.t be cemp.tlbl. with 
the repllcon end control sequence. In the expree.ion plaeoUd. 

Preferred eukeryotlc host, ere ««™u.„ cell.. ..g., ^^^^ 
monkey, mouse and Chinese h«.ter overy (CHO) cell., bec.uee they 
provide po.t.tren.l.tionel modification. to protein molecule, 
including correct folding or glyco.yl.tion at correct eites. Also 
yee.tand insect cell, can carry out po.t-tran.l.tional p.ptid. 
modification, including glyco.yl.tlonj A number of recombinant DMA 
•trategie. exist which utilix, .trong promoter sequence, and high 
copy number of pla.«id. vhlch can be utiHted for production of the 
desired protein, in yeast. Yeast r.cogniaes leader sequences on 
cloned mammalian gen. product, and secrete, peptide, bearing leader 

•equence. (i.e. pre-peptide.) . ' 

i 

After the introduction of the vector, the ho.t cell, are grovn 
m. .elective medium, which .elect, for the growth of vector- 
containing cell.. Expree.ion of the cloned gene sequence(s) results 
in th. production of the desired protein or a fragment thereof. The 
expressed protein i. then i.olated and purified by any conventional 
procedure Involving extraction. precipitation. chromatography, 
electrophore.i., or the like. 

The invention will be illu.trated .by the following example.. 

i 

Preparation of oHB nnueleofef<i.t Broba. 

Oligonucleotide probe, to the cDMA-of TBP-I were de.igned on the 
basis of the MHa-termlnal amino acid sequence of the protein. Three 
mixtures of the synthetic oligonucleotides shown below and designated 
1008. 1009. 1010 were used. 



Alternative codont for thm mm4^^ 

the «,dno acid exceeded 3. the two other 

mixtures are 17-mers- th» fi-.* 

er.. the first, probe 1009. i, a mixture of 128 

different oligonucleotide. and the ^cond. probe loio. of 
different oligonucleotides. Each of these two latter n^xtures 
corresponds to part of the amino acid Sequence coded-for by 1008. The 

nucleotide sequence of these two mixture, overlap each other. 

i 

"08 CCI ore CCI ITC ATA .TAA GTA CGI GT 

^ T G f 0 G 

T 



1009 GGA CTC CCA TTC AIA TA 

C T C T G 



6 T 



1010 



TTC ATA TAA GTA GGA CT 

T C i 6 G C 
: T 6 
I T 



IflOlatLlof* of ePWi^ ^i^^f ! 

CDHA Clone, compri.ing a nucleotide .equence coding for a 
protein co.prl.lng the .„i„o acid .jquence of TBP-I were i.olated 

fro-, humen cDHA colon library, vith .jhe aid of the oligonucleotide 
probee of Example I a. foUoir., I 

i 

Four CDHA librarie. con.tructe<i in l«„bda gtll (Clont.ch 
Uboratorle.. inc.. o.s.a.) derived fro. the «RNA of human liver, 
human placenta, human colon and of HeLa' cell, were .creened with the 
.Id Of the 1008 probe, of Example 1. I The liver, placenta and HeU 
CDMA librarie. were oligo dT primed, while the colon cDHA library wa. 
randomly primed. l„ each screening. 5x10- phage, were adsorbed to 



P.f.u/15cn. Petri dish and grown 37oc for 18 hour.. Mltrocell«. 
108, filter, were overlaid In dupllc.ta. on the plat... than l«.„ed 
m DHA-denaturlng solution, tran.f.r^ed further to a n.utrallai„g 
.olution. and then dried in vacuu« at ao-C and prehybridi.ed to .How 
non-.peclfic site, to be saturated .ith unlab.lled OKA. The 1008 
probes were »P-end-lab.ll.d. u.ing the T4 polynucleotide klna.e and 
applied to the filter, in a .olution containing 6 SSC (1 SSC 
correspond, to 0.15M NaCl and 0.015M .;odiu. citrate), lo .Denhardf. 
solution, (a mixture of FicoU. polyvinylprrrolldon. and bovine .er«« 
albumin (Penta. Fraction V, in water, according to T. »Unl.ti.. et 

.1.. yotecular Cloning, . i.hnr^tn,,' ,r ^. cold Spring Harbor 

Pres.. N.r.. 1982 p. 448). 0.3X SOS (.odlua dodecjl sulfate), and 100 
.ig/«l salmon sperm DHA. Hybridization was carried out for 18 hour, at 
50-Cwith the colon library and at 42-C with the other llbr.rie.. 
unbound labelled probe wa. washed with a .olution containing 3SSC at 
25'C and then twice again either at or. for the colon library. 
•tSO-C. Positive clone., identified.; by expo.ure of the filter, to 
autoradiography, were picked up. purified and checked for 
hybrldUation to the 1009 and 1010 probi. under tho.. condition. 
Which were applied for the screenlni with the 1008 probe., except 
that the temperature of hybridization and washing was 30»C. 

The result, of the screening are suianarlzed in Table I. Clone. 
»hlch hybridized with all three probe.j could b. detected only in th. 
placenta and colon llbr.rle.. In further analy.i. of the nucleotide 
•equence. only the clone, picked up from the colon library (th. only 
library which wa. randomly primed) were found indeed to code for 
TBP-I. These clone, were designated CI. C2. C3. and C4. 



Table I: Libr.rle. .cr.ened for th« TBP-I cDHA 
~ -ana the clone. vh<ri, vera 



Vector 



Library 



Clon. na« Temp, of hybridization 
1008 1009 1010 




Liver 
MeU 

Fifteen tA 



>8tli CORA 
randofflij primed 

Colon* 

♦normal tissue around colon cancer 



17 

19 ! 

131 i 
133 I 

132 I 



C2 
C3 
C4 



30 
30 
60 
30 
30 



30* 
30* 

30» 



30* 

30» 
30« 



i 


60* 


30« 


30* 


1 


60» 


30* 


30* 


( 

i 




30« 


30* 




60« 


30* 


30* 



Eramplft 3 ! 

C heyecteriratlcm »f .k. i.^i,^.^ J._ 
library ; 

The purified lambda gtll DHA confining p«ltiv. cDNA clone, 
were dlge.ted with BcoRl end .ize- fractionated on IX .garo.e gel. Two 
of th. Clone, had an In.ert ,1« of .jbout 1.0 Kb. the third wa. of 
0.9 Kb and the fourth had two Wt. of 0.9 and 0.8 Kb. Cro... 
hybridization among the four clone, v.,* te.ted by Southern blotting. 
The re.uU. are sumnuirized in Table IlJ done. C2 and C3 ver. found 
to contain the same l.o Kb Inaert. j The restriction map of thi. 
insert i. shown in Figure 1. clone C5 contain, two Insert., of 0.9 
and 0.8 Kb. the 0.9 Kb In.ert constitute, part of th. in.ert of C2. 
while the 0.8 Kb Insert seem, to be unrelated. Clone CI also contain, 

8 



* 0.9 Kb i„.e« constitute, part of the 

''"WA elan.. °»»^P« in 



cDNA Clone 



Insert 
size 

(Kb) 



frtgment of C2 



Cl 


0.9 


+♦ 


C2 


1.0 


+ 


C3 


1.0 


+ 


C5 


0.9. 0.8 




The 1.0 


Kb EcoRI 


insert 



++ 



++ 



++ 



++ 



"«..cript pl..^. „„^.^.„. ^^^^ ^ ^ ^^^^^^ 

^^^^^^^ ^^^^^ -^ 

''•t assigned the deposit number CNCM 1-917. 




_of an n^«fl 
the D114 r..»K>, 

tol..li.. ..,„.„.. to .h, cU„. CS. 

0.3..0. r.ccbln.„t. fro. pj.„„j. ^ ^^^^ 

-r. .cr..„.<. „^ J ^ ^^^^^ ^^^^^^^ 

th. P.„.p.„ . ^^^^ ^^^^ 



^ ^^^^^ ^^^^^^^ 

numerous sites along Its length. 

Phage, were adsorbed to E.coU strain n088. plated at a. density 
Of «0.000 p.f cm petrl Ol.h a,d grovn at 37-0 overnight. Tvo 

set. of nitrocellulose filters were overlaid and i«„ersed i„ . tra, 
containing DNA-denaturlng solution. The filters were washed. fl„d 
neutralized, dried at SO-C under vacuum and preh,brldi„d to allo^ 
non-specific site, to be saturated jby unlabelled DHA. Then the 
filters were hybridiaed with the »P.lab.ll.d probe overnight at 
Unbound label wa. wa.hed first in a solution containing ISSC 
.nd 0.1, SDS (tvic. at 25oc and then twice again at 65-0 and then 
*t65«C in • "lution containing 0.1 'SSC and O.IZ SDS. Filter, were 
-uteradiographed. Thirteen positive clone, were obtained and picked 
up. After purification, these clone, were tested for h.bridl.ation 
with a probe con.tructed fro. the CZ in.ert fro- which the above 
EcoRl.P.tI in.ert wa. deleted. Four clone, were found to hybridize. 
DHAfro- the., po.itiv. clone, was J isolated after purifying the 
Ph-g.s by centrifugation in a CsCl I solution. Their inserts were 
.xcised by cutting with BcoRI and jth.ir size, were eetlmated by 
.lectrophore.i. on ir ag.ro.e gel. The phage containing th. largest " 
fragment of about 2.0 Kb was subjected to further analy.l.. Its 
insert w.. subcloned In a Bluescript plasmid vector and B.coli TC 1 
competent bacteria were transformed therewith. 

I 

Dete^natton of t»e n„neotfde seou.n.L ^i^-,^ 

DMA of the 1.0 Kb EcoRI Insert of the C2 clone propagated In the 

10 



Bloch... ia. .^^ ^^^^^ 

.c« ..,u„c. ^,e. X. CO... ,0.. ..,„.„„ ^. 

™.-»r^». .^„o .cia ..,„.„c. o* ,.p.x. 0. ... ^. 
CDNA H.. ow, c. .„.o„, , 

th. „„cl.o.i.. ,.,o..,. „ ^. „ ^^^^^^ ^ ^ 

P«..lbl. toUX ™cl.otld. ..,„„c. ot ,h. M i...„. 

I 

a. t„t>.n .n. „„„ Of ^ „ ^ ^ ^^^ 

T.t.l m „. ^^^^^ 

ti.. -ho. pH.„,x. «thod.cc.rdl...,t.K..l.u....,..^.^ 
P. o, ... ^ ^ .i.o„op.,„.i. 

on 1.5. .,.„.. ,.1 X. ^. , ,o™.„.,^. 

«. "P-l..,!., wui th. „.. „, ^x.,,,^ ^ ^^^^ 
.nd .,HM«..d to ... ch«..d „,:.. Mo. ,.a.O in «x 

•bou. oucoud.. ,,x,ht do. . „ „ ^. 

dot - 23 RHA). 
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Figure 2 
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Figure 3 
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FIGURE 4 
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FIGURE 4 (contd.; 
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figOre 5 
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by northern blot hybridization 
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1. A DHA .^,,i.,„, . „.^,,„„^ ^^^^^^ ^ 

.olecU Cin, . p„..,„ ^^^^ 
Of IBP-I or . pcot.l» .ub.t.„tl.u, ho.010,0.. th.t„l,l, 

i 

I 

2. A cOHA molacule accordlnH to /*i'-4- i . . 

coraing to cUl« i comprising « 1.08 Kb C2 

insert of .bout 0.965 Kb. s.id \ insert providing a partial 

restriction »ap substantially .hova in Figure 1 upon 

digestion with restriction enzymes.^ 

i 

3. A cDHA molecule according to claia. i or 2 coeiprising the partial 
nucleotide sequence shovn 1„ Pig„,. , . 
substantially homologous therewith.: 

A cm molecule according to claim 1 or 2 comprising the partial 
nucleotide sequence shown in Figure 3 or a nucleotide sequence 
substantially homogoloue therewith.; 

. A cDKA molecule according to claim i or 2 comprising the partial 
nucleotide sequence, shown in Fljure. 2 and 3 or nucleotide 
sequence, substantially homogolou. therewith. 

A CDHA molecule according to an, of the preceding claim, 
comprising the nucleotide sequence shown in Figure 4 or a 
nucleotide sequence substantially hoaologou. therewith. 

AcDNA molecule according to any of the preceding claim. 



12 



. A r.,Uc..U pu..„ . „^ ^^^^^^^ ^^^^ 

to any of the preceding cltia,. 



C2 Insert of any of claim. 2 to 8.1 



according to claim 8 or 9. 



train. 



11. A bacterium according to claim 10 ihich i. an E.coli . 

12. E.coli TCI C2 having the d.po.it number CHCM I.»i7. 

I 
I 

I 

13. Oligonucleotide probe, u.eful d picking up g.n.. fro. cOKA 
Ubrarie. vhich cod. for protein, compri.ing th. amino acid 
«quenc. of TBP.I. ..id probe, having th. formula. 

lOO* CGI CTC CM TTC 'aTA TAA CTA CGI GT 

» li c 0 c 
-1 ' 
"09 ggagicccaitcUtata 
c T c ti c 

T 6 
G T 



1010 



TTC ATA TAA GIA GGA GT 
T j G G G C 
I T G 

T 



». W* moLcuI.. h,brl««bl. to .l.i tbr.. oll,.„„cl.ot«. prof, 
•ccrdln, t. C1.1. X3 . ^^^^^^ ^^^^^^^^ 
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th. amino .eld s.quenc. of TBP-I or. 
homologoui therevlth. 



protein iubatantHiy 



1.. Th. „ ...^ „ : ^^^^^^ ^^^^^^^^ 

therewith. 



For the Apolicantti 



Paullfl^en-Affll 
>«tent Attomej 
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Solubte forms of tumor necrosis factor receptors 
(TINIF-Rs) The cDNA for the type I TIMF-R, cloned using 
amino acid sequence data of its soluble form, encodes 
both the cell surface and a soluble form of the receptor 



Yaron Nophar, ORver Kemper, 
Cord Brakebusch\ Hartmut Engelmann, 
Raya Zwang, Dan Aderka^ Helmut Hohmann^ 
and David Wallach^ 

The Department of Molecular Genetics and Virology. The Weizmann " 
Inslitute of Science. Rehovoi. Israel 76100. 'The School of Medicine 
Hannover, FRG and -The Depanrr:eni of Medicine. Ichilov Hospital ' 
Tel Aviv Medicai Center. Tel Aviv. liracl 64239 

•^Corresponding author 

Communicjiied by M.Reve! 

Two proteins which specifically bind tumor necrusiii 
factor (TNF) have recently been isolated from human 
urine in our laboratory. The two proteins cross-react 
inmiunologically with two species of cell surface TNF 
receptors {TXF-R). Antibodies against one of the two 
TNF binding proteitis (TBPD were found to have effects 
characteristic of TNF, including stimulating phosphoiyla- 
tion of specific cellular proteins. Oligonucleotide probes 
designed on the basis of the NHa-terminal amino acid 
sequence of TBPI were used to clone the cDNA for the 
structurally related cell surface type 1 TNF-R. It is 
notable that although this receptor can signal the phos- 
phorylation of ceUular proteins, it appears from its amino 
acid sequence to be devoid of intrinsic protein kinase 
activity. The extracellular domain of the receptor is com- 
posed of four internal cysteine-rich repeats, homologous to 
structures repeated four times in the extraceUuJar domains 
of the nerve growth factor receptor and the B lymphocyte 
surface antigen CDw40, The amino add composition and 
size of the extracellular domain of the type I TNF-R 
closely resemble those of TBPI. The COOH-terminal 
amino acid sequence of the four cysteine ridi repeats 
within the extracellular domain of the type I TNT-R 
matches the COOH-terminai sequence of TBPi'. Amino 
acid sequences in the extracellular domain also fully 
match other sequences found in TBPI. On the other 
hand, amino acid sequences in the soluble form of the 
type II TNF-R (TBPD), while indicating a marked 
homology of structure, did not suggest iuiy idenUty 
between this protein and the extracellular domain of the 
type I T\F-R. CHO cells transfected with type I TNF-R 
cDNA produced both cell surface and soluble forms of 
the receptor. The receptor produced by CHO ceils was 
recognized by several monoclonal antibodies agamsl 
TBPI, reacting with several disiinct epitopes in this 
molecule. These data suggest that the solubk forms of 
the TNF-Rs are structurally identical to the extracellular 
cytokine binding domains of these receptons and are 
consistent with the notion that the soluble foniis ar^, at 
least partly* derived from the Kume transcripts that 
encode the cell surface receptors. 

Key words: CDw40 aniigcn/cytokines/nerve growth factor/ 
receptors/tumor necrosis factor 
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Introduction 

Tumor necrosis factors TNF-<> and TNT-^ (lymphotoxin) 
are structjirally related polypeptide cytokines, produced 
pnmarjly by mononuclear leukocytes, whose effects on cell 
function consutute a major factor in the elicitation of the 
innammatory response. The TNFs affect cells in different 
ways, some of which resemble the functional modes of other 
inflammatory mediators, like inrerleukin 1 aL-l) and 
interleukin 6 (ILh6). What appears most distinctive regard- 
ing the act;vit>' of tfie TNFs is that many of their effects can 
result m cell and tissue desuiiction. Increasing evidence that 
over-induction of these destmctivc activities contributes to 
the pathogenesis of a number of makes it of 

particuiiir interest to elucidate their mechanisms and the ways 
they are regulated (Beutler and Cerami, 1988; Old, 1988). 
High affinity receptors, to which both TNF-a and TNF./3^ 
bind (Baglioni et al, 1985; Beuder et al., 1985; KuU et ai 
1985: TsLjimoio et al., 1985; Aggarwal et al., 1986; Israel 
et qL, 1986) play a key role in the initiation and control of 
the cellular response to these cytokines. These receptors are 
expressed on the surfaces of a variety of different cells 
Studies showing that antibodies reacting with their 
extracellular portions affect cells in a manner very similar 
to the TNFs demonstrate that the receptors and cellular 
co.Tip^Dncnts associated with tnem are sufficient to provide 
the intracellular signalling for the effects of the TNFs 
(En^elmann eta!., 1990a; Espevik et aL, 1990). Other 
studies have shown that mo!eci:Ies related to the TNF 
receptors (TNF-Rs) also exist in soluble forms. Two 
immunologically distinct species of such soluble TNF-Rs 
TBPi and TBPU, were recendy isolated from human urine 
(Eiigelmann ctai., 1989, 199'Db; Olsson et at J989- 
Secbnger et al,. 1989a). Immunological evidence indicated 
tnar the two proteins ^u^e struouraily related to two molecular 
species of the cell surface TNF-R fthe type I and type H 
receptors, respectively). Anubodies to each of the two 
soluble proteins were shown to block specifically the binding 
of TNF to oiia of the two receptors and could be used to 
immunoprecipitate the receptors. Antibodies against one of 
the two soluble proteins (TBPI) were also found to induce 
effects characteristic of TNF in cells which express the 
immunologx^Iy cross-reactive cell receptors (Engelmann 
etGL, 199Ga. 1990b). Like the ceU surface receptors for 
TNF, the soluble forms ofihe.se receptors specifically bind 
TNF and can thus interfere with its binding to cells. It was 
suggested tliai they function as physiological inhibitors of 
TNF g::tiv]ty (Engeimann et aL , 1989; Olsson et ai 1 989* 
Seckinger ^/ ^z/. . 1989a). 

In the present study we explored the stnictural relation- 
ship or the soluble and ceU .'surface fonjis of the TNF-Rs 
further by detennining amino acid sequences of the soluble 
forms and by using amino acid sequence data for one of the 
soluble receptors to clone the cDNA which encodes this 
protein. Imtml information on the mechanism of formation 
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Of the soluble receptors was gained by examining the 
expression of this cDNA in transfectcd CHoTjJs^ 

Results 

Clomng Of the cDNA for the type I TNF-R 

To clone the cDNAs which code for the TNF hinn;. 
protein. TBPI. and its related TNF rSptor w7sJeS 
several cDNA libraries, using three overlapping oJoSeS 
t.de prob« designed on the basis ofTe NH 
amino acd sequence of TBPI (Figure lA) In a Xnrn 

pruned Clontech. Palo Alto. CA). we detected four rccZ 
b.nant phages which hybridized with the thr« pSi 
insens m these four phages were similar in size arJ J^e 

S r S^P'ete analysis of the sequence of the linsest 
of Ae four (C2 m Figure IB) revealed in open reading £ 
extending over its entire length. A polypepdL chaST^cSS 
^ J|s reading ft^ hilly n^teheslh^^^^ 
acid sequence of TWI. Neither an initiation n^^ 
was found in the C2 insert. Rescreening the colon cdSia 

corresponing to a «quenc1 
found m C2 (see Materials and mediods) yielded severaJ 

the C2 msen. However, none of them provided ftmlMr se- 
quence information on the cDNA in the 5' or the 3' direc 

TcFM f ^ "'"'^^ '^^"^^^ from tSe hSSa 

r/„?^ lymphocytes (Foley « a/., 1965) [oligo (dT) and 
randomly primed. Clontech] five phages hybridizing «Tth 
this probe were detected, which conuin^ signifjcamly 
Aa 



A«p S4>r Val Cy» Pro Gin Q(y Ly» Tyr !!9 KIS Pro Gin B 



longer inserts than C2. The longest insert (E13. Figure IBi 
t^f^nTe^^™^ 

ftnH 1' ^ r "^^Sions Of 255 and 556 nuc eotides at its 5' 

fA^^.Jru ^^^^^^ 256 ~- 258 m the nuc eotide seauence 

SSSin'ftSLT"'-' " '''^ is precis by a„ 

upsffeam in-framc tenniration codon at bases 244 -246 The 

S^or T."; '°"f°""*'^ "^'^ '"^ Of thetlible alS! 
fSi-rr^ translation initiation consei^us sequence 

^oS-2050 c' ACTAAA. at nucleotides 

wii l«5 « ^ ""^^ ^ alternative to this signal but 
low efficiency (Sheets and Wiclcens 1989^ a 
nudeoodes 1965 -2000. there are six consSutive repeals 
^ Ae sequence GCOn (n varying between 4 Sd 8) Si 

The size of Ae protein encoded by Ac cDNA ( - 50 kd) 

1989, Olssoi, era/., 1989; Secidnger etal.. 1989a) A 
Sf S?^^ computation (Kyte and DoolitUe, 1982) 
of Ae deduced amino acid sequence of Ae protein Figure 
eniJs '^l '^^'^' hydrophobic regions (see VoS 
ended boxes ,n F.gure ID). One. at its NHrterminur is 
apparendy Ae signal peptide whose most likely' clJI^Lge ;i e 
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;« IV. . Residue No. 

* 'g. I. NucJeoiidc sequence of irtc type I TNF rereofor rme* j 

-)r screening for the cDNA- (a) The NH r.l i ^ predicted amino acid seoacnc- of ih.. on.^-^ 

^H,-.enn.n.!l amino acid u^^^^^ ^BP'- Sy^hct^^^;;, ^Vc^^^^^ -^^^ Probc. u«d 

^lidiiy Of clones ix>lMcd in^rh7 in ."i .of^ . inina screenmff. ^c) and id) Probes ovcrUroioi: STnrn^ ! • PrOt>Ch, designed on the basis of the 
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Val Pro Hla Uu CXy A«p Ar9 CIu lya Arq 

34« CTC CCT CAC CTA CG« GAC ACC 6A<; AAG Ad^ 
40 



4M 



70S 



7JS 



Soluble and cell surface TIMF receptors 

Q I CCCCCCACTCATCTTCA i7 

!• ACCCCAAACCCCACAACTCCACCCTCAO?CCA»OAATTCT0ACAAAArrAAACCAGACACCAGCCCACAGATCACTCCCAC^ 

137 CTOTCACCCCAAflGCACTTCCGACCTCCTCCACACACCCACTCCCCCCAACCCCCACCACtCCCCCTCCCACACTCCCCTGAC^^ ,5j 

Cngt Cly Uo lB« Tht V*l fro A*p L»u Wj fu Tro L«u Val t^^ fu Cla L<tt L<u v«l 6Xv) ll» tyr Pro 3«r Gly v«l Xl« cly Lau 
2S< ATC CGC CTC TCC ACC CTC CCT CAC CTC CTQ CTC CCC CTC GtC CTC CTG CAfi CTC TTC CTC GGX AtA TAC CCC TCA CCG CTT ATT CCA CTC U% 

tJ9 32 ^ 

Aap 5«r y»lj^^ifT^li^G^^^M^Tyr^XmJii^T^^^*^M^^ 
K CAT ACV CTC TCT CCC CAA CCA AAA TAT ATC CAC CCT CAA AAT AAT TCC ATT TCC TCT ACC 

^^j^;^§^g^|^^y;^^^^y^^ t oiy fr »h« Thr 

436 AAC TGC CAC AAA CCA ACC tAC TTC TAC AAT CAC TCT CCA OCC CCC fiCC CAC CAT ACC GAC TCC ACC CAC TCT GAC ACC GCC TCC TTC ACC 

M _ 

S« Clo A»n Hla L»v Arg Hlafcylluu 3w[c?7]s9r Lytf^Arg Lyt Clu Wt Cly Cin VI cin lU B« ftr^^T^ Tu'aTp 
52i CCT TCA CAA AAC CAC CTC ACA CAC TCC CTC ACC TCC TCC AAA TCC CCA MO GAA Alfwf^^^^S^^^ TCT TCC AoTotTcAC 

— 110 120 

Arq Aip Thr Vllc^Cly^^Arg Ly»^ Cin Tyr Hit 1^rTrp3#ijluAjnl^u>^ AjJ CyllsT L^ufc^Uu 

«U CCC CAC ACC CTC TCT CCC TG?S^AcT3IcTA?TM^5rTA^5^^ 

140 150 

■■i!!l,!iL!!!LJ!liJ!iLiIL^Ili^^ ai* giy Ph« yh» l»o at^ cm A«n ciu[a£]v»i 

7C6 AAT CCC ACC CTC CAC CX TCC TGC CAC CAC AAA CAG AAC ACC CTC TCC ACC TCC CAT OCA CCT TTC TTT CTA ACA CAA AAC GAG TCT CTC 
1" l-'O 100 / 

S«rf^5«r Amn[^Hf« Ly« St CIuf^Thr Lyi L>«CTfu Fro cin Xlo CIu AmI Ll ty, Cly Thr Ciu A»p Str cly TJir 
79€ TCC TCT ACT AAC TCT AAC AAA ACC CTC TCC ACC AAC TTC TCC CTA CCC CAC ATT G.\C .w/cTT AAC CCC ACT CAC CAC TCA fiCC ACC tS5 
. 200 

Thf ^4l L«u u»u Pro imc :ia Pbm 9hm Cly L«ufc7>Jt«u Uu 3«r Uu Ph« lit Cly L»u Mt Ty^ Arg Tyr cin Arg Trp Ly. 
I<6 ACA CTC CTC TTC CCC CTC CrC ATT TTC TTT CCT CTT TCC CTT TTA TCC CTC CfC TTC ATT CCT TTA ATC TAT CCC TAC CAA CCC TCC AAC 97J 

220 230 240 

ser Ly» Uu Tyr Str lln v<i ;CYii| c:y Ly» s«r Thr Pro Cla Ly* Clu Cly Ciu Uu Clu Cly Thz Thr Thr Ly* Pro Uu Al* Pro Ain 
»7< TCC AAG CTC TAC TCC ATT CTT TOT CCC AAA TCC ACA CCT CAA AAA CAC CCC GAC CTT CAA GtiA ACT ACT ACT AAC CCC CTC CCC CCA AAC lOIS 
250 260 270 

Pro Ser Pha Smr Pro Thr Pro Cly Pht TRr Pro Thr Uu Cly Phe 5*r Pro Vil Pro S«r S«r Thr Ph« THr S«r Sir S«r Thr Tyr Thr 
lots CCA ACC TTC ACT CCC ACT CCA CCC TTC ACC CCC ACC CTC CwC TT^ ACT CCC CTC CCC ACT TCC ACC TTC ACC TCC ACC TCC ACC TAT ACC 11J5 
240 290 30C 

Pro Cly A«p |cy»[ Pro Ajn Ph. M* Ala Pro Arg Arg Gla V*l Al» Pro Pro Tyr Gin Cly Ali Ajp Pro 11% Uu Ala Thr Al* Uu Al* 
1156 CCC CCT GAC TCT CCC AAC TTT CCC GCT CCC CCC ACA CAC CTG CC^ CCA CCC TAT CAC GOG CCT CAC CCC ATC CTT CCC ACA CCC CTC CCC 1245 
310 320 330 

ser A*p Pro lU Pro Ain Pro L*u tin Lyi Trp Clu Atp Sar Ali Mil Lyj Pro Gin Ser Us Ajp r,r A«p Ain Pro Al* Thr Uu Tyr 

1246 TCC CAC CCC ATC CCC AAC CCC CTT CAC AAC TT^ CAC CAC ACC CCC CAC AAC CCA CAO ACC CTA CAC KZl GAT CAC CCC CCC ACC CTC TAC 1335 
3*0 350 3C0 

Al» v«l Vil Clu Aan v*l Pro Pro leu Arg Trp Ly» Clu Phe V4.I Arg Arg Uu Cly Uu Sar A«p hU Clu Ila A«p Arg Uu Clu Uu 

1336 CCC CTC CTC CAG AAC CTC CCC CCC TTC CCC TCG AAC CAA TTC CTG CCC CGC CTA CCC CTC ACC CA2 CAC CAC ATC CAT COG CTC CAC CTG 1429 
3''0 360 »J0 

Cin Ajn Cly Ar9[c^Uu Arg Clu Ala Gin Tyr Sar net Uu Al* Tnr Trp Arg Arg Arg Thr Pro .^-g Arg Clu Al* Thr Uu clu Uu 
U26 CAC AAC CCC CCC TCC CTC CCC CAC CCC CAA TAC ACC ATC CTC CCC ACC TCC ACC CCC CCC ACC CCC CCC CCC CAC CCC ACC CTC CAC CTC ISIS 
*00 410 420 

u« Cly Axg V.2 uu Arg Aip nee Ajp Uu Uu 31y|cyg[uu Clu Ajp He Clo CI4 Al. Uo[c7r]ciy Pro Al* a1« Uu Pro Pro Al* 
1516 CTC CCA CCC CTC CTC CCC CAC ATC CAC CTC CTC CCC TCC CTG GAG GAC AtC CAC CA3 CCC CTT TCC CCC CCC CCC CCC CTC CCC CCC OCC 1(0$ 
430 

Pro Ser Uu Uu Arg Bod 

1606 CCC ACT CTT CTC ACA TCA CCCTCCCCCCCTCCCCCCAGCTCTAACCACCCTCCTCCCACATCCCCTTC-rAACCCrftCrTTTrrCTCGAAACCA 1711 
1719 ACCACCTAGCAGCCCCCTACTrGCTCCTAAC;CCTCCAI5TACATACCVTTTtTCACCTCCCTCCCCCCC5CCS.^rCAS=5C^ 

;83i CACCCTCACTGCCTCCTTTCCCACCATC^CCJACICTATSCCTCATCCCCCtrTlCCCTOTCCTCACCACCAAGiJCTGCTCGCCI^ jjj^ 
1957 CATAACCACTTTTTTTTCtTrrrCTTTTCTTrrCTtttCrTTTTAAATCAATC:ATCrrACACTAATACAA^Cn 

207 S CTCTCCTAACCCAGCGCCCACCACCGAAeAATCCCCCCTrCACCTCaiACCTCrCCACTTrTCTACATACA STW j^,, 

( 1982). The curve is the average of the hvdrcphobiciiy index for eacli residue over a window of nine residues. (D) Nucleotide and predicted amino 

n"rH'n , ^ V"^ ^'^"^^"^ ^> ^^^^^^'^^ ^ ^hcee sequence derived from TBPI by 

fh?.t u^/rS r^^^ leader domains by round-ended boxes; arnl the four repeiiiivc sequences in the cMraceih.lar domain by 

thick underhning. Cysteine residues are boxed. Giycosylalion sites are overlincd and the prciumwive polyadenytaiion signal is underlined 



FEB-05-99 FRI 15:15 



. Y.Nophar et of. 



P. 05/11 



TaWe 1. Amino acid sequences of TBPI and TBPU 
TBP t; 



CNBm (-N-terminus) 

CNer-2 

C-terminus 



15 



• ^ ^ ^. 5 6 7 8 9 10 11 12 13 14 

NH2 Asp Ser Val Cys Pro G(n Gly Lys Tyr iLe His Pro Gin 

m GV Gin Va( Giu ILe Ser Ser Cys Thr Va* Asp Arg Asp Thr VaJ 

- ILe Glu Asn CCXX h s 'v.p mr vaJ 



TBP Ih 

N-ie (minus 

TRP35 

TRP39/1 

TRP3S/2 

TRP44/1 

TRP44y2 

TRP4W 

TRP46/2 

TRP50 

TRP53/1 

TAP 53/2 

TRP 54/1 

TAP 54^2 

TAP 60 

TRP 62 

TRP 65 

TAP 67 

TRP 84 



NH2 Ala 
NH2 Leu 
NHa Cys 
NH2 Glu 
NH2 G!u 
NH2 Ser 
NH2 Phe 
NH2 Leu 
NH2 Leu 
NHj Val 
NHj Cys 
NH2 Pro 
NH2 Ala 
NHj lie 
NH2 Pro 
NHj Pro 
NH2 Cys 
NH2 Thr 



2 3 

Gin Val 
Cys AJa 
Arg Pro 
Tyr Tyr 
Tyr Tyr 
Cys 6fy 
Thr Pro 
Arg Glu 
Arg Glu 
Ala Phe 
Arg Pro 
Gly Trp 
GJn VaJ 
Cys Thr 
Gly Thr 
Gfy Thr 
Arg Pro 
Ser Asp 



4 5 6 

AJa Phe Thr 

Pro Leu Arg 

GV Phe Gty 

Asp Gin Thr 

Asp Gir. 

Pro Ser 

Tyr Ala 



Thr 
Ty; 
Pro 



J ^ ^ ^2 13 14 15 16 17 18 19 20 21 22 

P^ Tyr Ala Pro Glu Pro Gly Ser Thr Cys Arg Lou Arg Glu Tyr Tyr 

VaJ Ala Arg 

Ala Gin J^t Cys Cys - 

Ala Gin Met Cys Cys Ser — 

Pro Asp — 
Glu 



Tyr Tyr Asp 



Tyr 



Tyr Aap 

Thr Pro Tyr 

Gly Phe Gly 

Tyr Cys Ala 

AJa Phe Thr 

Cys Apg Pro 

Glu T.v Ser 

Glu Thr Ser 

Gly Phe Gfy 

Thr Va. Cys 



P.^ Gl/ Ser Thr Cys Arg 
Gin Thr Aia Gin K4ef Cys Cys — 
GJr Thr Ala Gin Met Cys Cys — 
Ala Pro Glu Pro GJy Ser Thr Cys Arg 
Val Ala Arg 
Leu Ser Lys 
Pro Tyr 
Gly Trp 
Asp Val 
Asp Val 

val Ala Arg Pro Gly Thr Glu Thr Ser As^ Vai V^ Cys Lys 
Asp Ser Cys Glu Asp Ser Thr Tyr Tnr Gin Leu Trp 



Afa Pro Giu Pro Gly Ser Thr Cys Arg 

Tyr Cys AJa Leu Ser - 

val Cys Lys Pro Cys Ala Pro GJy Thr Phe Ser 

Va; Cys Lys Pro Cys Ala Fro Q/y Tnr Phe Ser - 



(Von Heune, 1986) lies between the glycine and isoleucine 
r^idues designated in Figure ID as - 1 and ^ 1 respectively 
The other major hydrophobic domain, located between 
residues 191 and 213, is flanked at both ends by several 
charged amino acids, characteristic of a membrane anchor- 
ing domain (Pidgeon er aL 1989). As m several other 
transmembrane proteins, the amino acids confining :he 
hydrophobic domain at its COOH-terminal are basic The 
transmembrane domain bisects the predicted protein into 
almost equally sized extracellular and intracellular domains 
The extracellular domain has three putative sites for 
asparagine-linked gly cosy lation (overlined in Figure ID) 
Assuming that the amount of oligosaccharides in the cxtra- 
ceUtJlar domain is similar to that reported in TBPI (Seckingcr 
et aL, 1989b), the molecular size of the mature protein is 

r « ^ ^^eptor 

{ --58 kd) (Hohmann et ai , 1989; Engeimaon et at. , 1990a). 

Feafures the predicted amino add sequence in the 
type I TNF'R and relationship to the structure of TBPI 
and TBPU 

The amino acid sequence of the extracellular domain of the 
protein encoded by the E13 cDNA ftilty matches several 
determined TBPI amino acid sequences (Table I). It conta^ins 
^^^^ sequence of TBPI at amino 
acids 20-32 (compare Figure ID and lA a), a sequence 
con^spondmg to the COOH-terminas of TBPI at arr^ acids 
i /»- 180, and also, adjacent to the first methionine located 
further downstream in the encoded protein, a sequence 
tdeniical to the NH2-terminal amino acid sequence of a 
:yanogen.bromide cleavage fragment of TBPI (broken lines 
n Figure ID). There is also a marked similarity in amino 
cid composition between the extracellular domains of the 
eceptor and TBPI (Table II). The most salient feature of 

<?79 



'-L^fr'y''^ compositions of the TNF binding 



Amino acid 



Ala 
Cys 

Asp Asn 

Glu + Gin 

Phe 

Gly 

His 

(le 

Lys 

Leu 

Met 

Pro 

Arg 

Scr 

Thr 

VaJ 

Tro 



moi/lOO mol of amino acids 



^According to Olsson etat,, 1989 ~ 

I sSlcThf rn^r'^' ^° ^ NH,-tcrT,.inal amino □cid of TBPL Rciduc 
ISO IS the COOH -terminal rcsiCue of TBPI. 

this amino acid composition is a very high content of cysteine 
residues (shown boxed in Figure ID). The positioning of 
he cysteine residues as well as of other amino acids wi^in 
the extracellular domain displays a four-fold repetition 
pattern (Figure 2 and underlined in Figure ID). As7hown 
in Figure 2, there is a marked homology between this four- 
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symbols) a« aligned for maximal homology, of^hj ndS s^^i„Lu^^^^^^ TBPII. The amino acid sequences (one-let.er 

Conservacive substitutions (I = L = V; D = E- K^RTti^Tf^r-sTll^! 'he alignment. Identities in sequences are shown in boxe^ 

acids within the receptors are denoted in the ri'-ht and left h;ind ^n..i'„."' Th ^ ' ."'L?*;?'' The positions of (he amino 

optintally aligned wilh the sequences of the oTh^ r^pfotS o«S i^^.TT""" "^^'k" ^I'V '^^ "^''"^"^ '"^"«^*> 
softuan: package. P""""- P"*"'^ fig-'re. using the Best Fit' alignment program in the UWCCG 



domain structure and sequences found in the extracellular 
donuiin of the receptor for the nerve growth factor flVGF- 
R) (Johnson ei al., 1986; Radeke et al., 1987) and aiso to 
a somewhat lower degree, to sequences in the e.xtracelliiiar 
domain of the recently cloned receptor-like B cell antigen 

TtSn'^^J?""'^^"^"'^^'^" ^' ^^^^ Stamenkovic et al 

The amino acid sequence within the extracellular 
domain of the TNF-R. which corresponds to the COOH- 
cerminal sequence of TBPI (see Table I and Figure 7) is 
located at the COOH-terminus of the cysteine-rich rep^t 
region. The sequence corresponding to the NHj-terminal 
sequence of TBPI corresponds to a sequence located a few 
amino acids upstream of the NHvterminal end of this 
region (broken lines in Figure ID) in the extracellular 
domain. 

In contrast to the identity of amino acid sequences between 
TBPI and the extracellular domain of the type I receptor 
sequences examined in the soluble form of the type 11 TNT- 
R (TBPII. Table I) were not identical to any sequence in 
ine type I TNF-R. This findinc 



lack or immunological cross-reactiviry between the two 
receptors (Engelmann etal., 1990b). However as 
demonstrated in Figure 2, the sequences in TBPII have a 
signiticant homology of structure with the four-fold cysteinc- 
rtch repeat region in rJic extracellular domains of the type 
I TNT-R. the NGF-R and tlie CDw40 protein. The similari^ 
between IBPfl and the CDw40 protein is particularly notable 
and seems to extend also to a region within the two proteins 
which protrudes from the cysteine-rich structures in the 
NH2 direction (Figure 2). 

In contrast to the very high content of cysteine residues 
in the putative extracellular domain of the type I TNF-R 
there are only five cysteine residues in the intracellular 
domain. Between the two which are proximal to the 

transmembrnne domain (pasitions 227 and 283) extends a 

^.^^J*" ^^'"^ P'oiine residues 

{ 16% Of the residues) a.nd even richer in serine and threonine 
residues (36%), most located very cIo.se to or adjacent to 
each other. The consensus sequence Gly-x-Gly-x-x-Giy 



.rhd-Ub-yy r ki lb:17 

Y.Nophar et al. 




nucleotide binding proteins (Kamps es al., 19841 is not 
present m the intracellular domain 

^pression of the type I TNF-ft cDNA 

E?/Sv A '^V^l^^jon t^'^een the proiein encoded by the 

sion ^ '^'^'^ introduced into an expres- 
sion vector and was cotransfected with a recombinant vector 

pHFR-deHcient cells. After selection by growth in a 
nucteot,de-free medium, individual clones ^0 ^1^ 

lUirt P""*^"" of mechotrexate. A number S 
c ones which react with several monoclonal antibS ha 
Su e Tp"^ distinct epitopes in TBPI we e dS^fed 
(Figure 3). Expression of the protein was correlated with 
««e m specific binding of humaa TNrTSceS 

Applying a sensitive immunoassay for TBPI in which 
polyclonal antibcKiies and a monocloni antilxSy tSnl^ tiiJ 
protein were employed, we could also detecVa soEol 
of the protein in the growth medium of CHO JS 
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express the human TN'F-R on their surface (Table UI) All 

produced thts soluble protein. Several other fS 
clones wh,ch did not express the cell surface rSo?^5 
not produce its soluble form either (not sL,rnrwhen 

olrTN^R^eiras?"^ ^ ^' ^« ^p'^^^^^^^ 
identi^alTo'thltflsH « ^"^^ 

7?i5pV''ST''°'i°".^^ '^^"scripts which encode the type 
fjfh V? '^'^'^ '"'^^^^ f™*" cells of differing S 

^^Z'S^^ cDN;. Af s 

Jh;^k • 'yP*^' "itluding the HT29 celU 

wh^ contmuously secrete a soluble form of the 2 

wS^chD^ mTn^frint'^^^^^ Engelmann.H. 
hvKri!r ""^""^-"P' 'n preparation), only a sinele 
hybnd,zing transcript was detectable, in all cLs oTthe 

same size i e — oinn ^ oi me 

of thecDNA inri; \ ^or^"!Pondmg to the full length 
the cDN A. Interestingly, significant amounts of this type 
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Fig. 3. Oeiection of type ! TVF R i v;„» 



t-HU cell clone 



Speci/tf binding of TNF 
(c.p.m./IO* cells) 



tSO S: 45 
175 d: 50 
550 ± 60 
610 ± 40 





<I% 
89% 



<0.03 
<0.03 
30 
49 



;urfacx or ihc «IU was carried out usiaglombL^^' 7 .g" ^ quimuplica.c iiolcV D^.^:,^^^^^ ^^^^ '^""'^^^^^-'^'^ ^'^h a M 




SolubJe and cell surfaca TNF 



receptors 



Pfaaion number 

'^f'tyXTr^i"^ "'"^ °f CHO^uce<l. soluble fo™ of 

Clone ,0 which 3 i ^^ iT;^^:^^'^^^^^-^ CS 
Aquapon: RP300 column. Eluiion w^^rf^ ^^f 
uceeonitrile in 0.3% aqueous J nuo^c^^cS *' P °' 

adJirion of TBPI was found m ..r,,, ^ ^'^ *"^out 



— 28 3'" 



:.-^18S 



*lg. 5. Detecuon of the mRNA for the n-oe I T>ic p . v u 
of Ihc Jurkal (Gillis and Waison I9M) cpj^r:"^'^""^ 

•976), A-673 (Ciurd » al ?73 ' He„ 

HT.2y (Fogh und Trempe //ys, ' "fw^? "J?" 

wilh the "P-lahclcd EI3 iWr, " • "^2) lines 

markers. '''^"^ rtwsomal RNA iize 

I TNF-R mRNA could also be detected in »h« i ioi-» ., 
•n which the prevalent TNF-R ic S^S urP 1 

pun uiL control of the expression of the type I receptor. 

Evidence for the involvement of type I TNF a in 
stimulation of protein phospHorySZ bl mF 
Treating cells with TNF results in a rapid increase in th« 
phosphorylation of certain ..nprifi,' ^u..u^^.!!!"_.^ I".^^ 
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fig. 6. Involvcmciu of the tvne 1 TVF o . . 

anliserum in TBPI (1 1000) on rh,\.kl ? , " ^'^ '""''bi' 
'nol. w, of 27 kd ir HeU cel^„'^"''^^'"^f' °" P^"'*'"' ^i"- ^ 
■nie 27 kd prot«in(s) are indf«L f « « «"«rol. 

<he left. Normal rabfaii ^m^h^ i « on 

(noi shown). ^ff*" « » dilu'ion of 1: 1000 

.0 Which this "ce^o; ^JS^rTO^S™ f ™' 
m cells which a,c chaSSic o^TNP ' 

s « me type j fNF-R is involved in this effect. 
Discussion 

intedeukin-2 aL-2) iR^^STtlsS' ^^.^^^^^^^^^ 
growth hormone (Umg et al 98T> c r 

^o'.nson. ,988): imefleui^ilfi'S^^^^cf ^f/^^gf 
interferon-7 (Noviclc pt nl i qaq^ ^ * ^ 

of their formadon is still S mechanisms 

Of iii<.°r„: *rcr:43^irijtjr ""^^ 
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tnuKcribed from the same genes which encode the cell 
surfoce forms, but differently spliced (Mosley et al 1989 
Goodwin era/.. 1990). 

Data presented in our study are consistent with the notion 
that TBPI-the soluble form for the type I TNF-R-con- 
stitutes a fragment of the cell surface form of this receptor 
corresponding to its extracellular domain. The receptor is 
recognized by several monoclonal antibodies to TBPI which 
interact with several spatially distinct epitopes in this protein 
(the present study and Engelmann et al., 1990a). The amLno 
acid sequence in the extracellular domain fully matches 
several sequences present in TBPI. Furthermore, the amino 
acid composition of the region within the extracellular 
domain which extends between those residues which 
correspond to the NHj- and COOH-termini of TBPI is very 
similar to the ammo acid composition reported for TBPI 
TJere is also a similarity in size between TBPI and this part 
ot the receptor [taking into account that about a third of the 

iosqkT ''°?^'f ' of oligosaccharides (Seckinger et ai. . 
1989b)]. Particularly informative with regard to the 
mechanism of formation of TBPI is the finding that a soluble 
form of the type I TNF-R is produced by CHO ceils 
transfected w.th the TNF-R cDNA. This finding implies S^t 
cells possess some mechanism(s) which allcw(s) the fonrui- 
cion of the soluble form of the TNF-R from the same 
transcript that encodes the cell surface form. There is no 
indication from the data of this smdy for the existence of 
Tvf o '"kt "^^""^ specifically encode soluble forms of 
INF-R. Northern blot analysis did not reveal transcripts 
smaller tfian the ftill size of the TNF-R mRNA in any of 
the cells examined, not even in the HT29 cells, which con- 
tinuously rel^se significant amounts of a soluble form of 
the type I TNF-R into the culture medium. Funhermore 
sequence and restriction mapping analyses of the various 
cDNA clones isolated in this study together with the C2 and 
E13 clones failed to reveal any difference m structure, 
besides differences in size, between thej* clones and the E13 
cDNA (data not shown). The amino acid sequence data of 
TBPI also provide no indication of the existence of transcripts 
specific to this protein. Soluble receptors produced from 
alternatively spliced transcripts, as suggested for the 11.-4 
ana il-7 receptors, are expected to have unique COOH- 

l^Sri-f^^™ ^"^"""y '^89; Goodwin ./ al., 

1990). The COOH-terminal sequence of TBPI was found 

1 V. H "'I '° ^ «1I surface recep- 

wr. Still, the existence of a minor population of transcripts 
which specifically code for solublTforms of TNF-Rs^n 

^Zln"".'^ T "'f °f 'he techniques 

employed, although not supported by the data pre.sented in 
this study, cannot be excluded. 

r ?5fpT "'^°/P•■^f 'ion of 'he soluble form of the type 
I TNF-R by the EI3-transfected CHO cells does nS 
necessarily reflect maximal activiiy. In HT29 c^lls, the spon- 
taneous release of a soluble form of type I TNF-R occurs 

CHO R r«'^"'°'',^^''^ '''' ^^-^ that Observed wSTe 
LHO-R-18 clone (data not shown). Furthermore, a recent 
study fPorteu and Nathan. 1990) indicates thai the 
mechanism ot formation of the soluble TNF-R can be 
e lectively enhanced by certain speci.lc stimuli. Stimulation 
of human neutrophils with N-formyl Met-Leu-Phc or with 
several other physiological stimuli, was found to result 
within a few minutes, in an extensive decrease of the cell- 
surface expressed TNF-R and an accompanying release of 
a soluble form of these receptors, similar in size to TBPI 



A likely mechanism whereby soluble forms of TNF receptors 
cari be derived from the same transcripts which encode the 
cell surface forms is proteolytic cleavage. Indeed, fiankine 
the amino acid residue which corresponds to the 
NHrtermmus of TBPI there are. within the amino acid 
Mquence of the receptor, two basic amino acid residues (Lys- 
Arg) which can serve as a site of cleavage by trypsin-like 
proteases. The identity of the proteases which might cause 
cleavage to take place at the COOH-terminus of TBPI is not 
Known. In view of the marked structural homology between 
die extracellular domain of the type I TNF-R and the soluble 
form of the type II TNF-R (TBPiS as well as the homrgy 
with the extracellular domain of the NGF-R. for whifh 

DiS efano and Johnson. 1988; Zupan et al., 1989) it is 
cmpung to speculate that a common mechanism of cleavage 
and sinu ar cleavage sites are involved in the formation of 
d^e soluble fonns o those three receptors. Such a mech^ sm 
can have a dual effect on cell response to TNF. Its activT 
tion may result in die suppression of the response both m 
tho^ cells m which it ftinctions-as a conse^ence of the 

receptors-^as well as in 
odier cells because of the ability of the released, soluble form 
of the receptor to sequestrate TNF. Detailed analysis of the 

with TNF-R cDNA in vectors dictating its overexpression 
should provide further information on the mechanism and 
functional implications of the formation of its soluble form. 

Materials and methods 

l^tlf ^''"1'''^ T'-"' '^^"^ fr-"" ---oncen- 

, P^ralions of unnar/ protein;, as describeaj previously (EnKina.m 

pha^e HPI,C. TBPI was cleaved uiih cyano|en bramide. yieidina ,wr 

miTi: "^ '-^T'"" ^"'^"'"O" 'Andrew *anci DiL 

1987). were solaced by reversed phase HPLC. The two peptides (CNBr" 

b1 vl™! T r P^.P'O""" microsequencer (Model 475A. Applied 
B.o,ys.ems nc. Foster C.iy. CA). The sequence found for one bf the 

TtpfZ^^'V T NH2-«m,inal sequence oh^l 

iBPl protein (Engelmann c/o/,. 1989. 1990b) 

dige^uon of the protein wuh carboxypepiidase Y followed bv seoueniial 
analyses of >he pleased amino acids. A «mple of pure TBPUnZT^ 
■•nued with I nmol norleucine. as an internal standard, dried ihor^-I?y 
a,Kl ,.su.spcnded in 8 .1 0.1 M sodium acetate buffer. pH sl. Sn£ 
0.8 ,8 cartx>.xyp.-p,Kt,se Y (Sign... S. Louis, MO). DigJion was perf«Z"4 
a. rootn lemperature^ 2 ^1 aliquots- wi.hdrawn ar various lime poir.tvTere 

!- ?A ■ ?I '"automated amino acid 

analysis (Applied Biosystcms. UK. mod, 420A). The results fFiizu« 7, 
mdicate the sequence lle-Glu-Asn-COOH ^ ' 

^d repunfied oa an Aqu;ipore RP-JOO reversed phase HPLC Jur^ 
Fractions confining the modified protein were pooled and the pH was 
adjusted to 8 0 with NaHCO,. Digestion with TPCK..„yp:.i„ "Is 
M.!»po,« Corp.. Freehold. NJ) was perfonned for 16 h a7r^m t^mperam^ 

a C , RP.P revered pha.sc HPLC column (SynCrom, Linden. IN) and the 
peptides .scpanned by a linear 0-40% acetoni.rile gmdicn. in 0.35E aqucou' 
nnuoreaceiic acid. The NH,-urn,ina! ^minn aciu ^lencc of ,»« 
and of the mac. protein (N-terminus) arr presented in Table I Th^ 
J^^-^nunibcird according ,0 their .sequenceofel^^^^^ 
h the fractions denoted as 39. 44. 46. 53 and 54. whercVe,~^rv of 
seq^noes wu.s observed. l,«h the major and the secondary iue is^'ar 
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Fig. 7. Tinwr course of ihc rcfease of ri-v^u • , 
Isolation of cONA clones 

Of TBP. were used for .he scSnTn of'S^i^T^,^^^^^ 
were carried oul with 48-foId dcBeMrste lZ^r^^. ,! ! ^"^"^n'ngs 
introduced. whereverTST/l "ieovinosine 
tides (Figure \l br%^^^,^''^''^-'^^'^'^^°'''^^^°''''»'^'<^ 

procedures (SambrcloT^ ^989* """" '""^ 

' ^n^^*" sequencing of the cONA clones 

oncmaxon*. by digestion ofihe cDNA with ^0!^^^^ m S '"k'*"? 
these clones usina the RiOi .v' . '«"'P'a'« denved from 



and then analyzed by detenninrthe inie^lil^"*^ (Bio-MakoTSS 
of It^celU using .he Becon mlti^^n^^J^'^"^ « >^ 
440. Three monoclonal antibodies toTBW h^^,""^'"^ ccIIxJS 
by cross comped.ion analvshT;,^^ TBPI clones 17. I8 and 20. AoZ 
in the TBP. Lecule^n' LLl^T^ 

moroclonal antibody agairvsi TNF^ 7^^^' * ^"^^1. . 

atnmon.™ sul.te P-^. J'S^oftL'^.^ls^^^^^^ 

were adsorbed to 96 well ELISA^L ?^ ^^^J™"""«'- 'WO*) 
incubation of the plates for 2 h anr^Jr"'"!'^' ^"™*) 
an.ibody in PBS. After ilbat^^g L wd J ^Sr "^'^^ 
n solution containing PBS I S BSA n m « ^' ^ " "^h 

(blocking solution) fo bl«:k nonSfic^!^ '^i"^ ° ^ween 20 
samples were appiied ^ J^Z^f'sS'Zc^t! r^^^^^^ 
ir^Sibatedfor: hatlTC ri„2iiZ The plates were (hen 

Twee., 20 (wash JoSd^rT^nd *'*0M^ 
TBPI. diluted .:5M in bS'^ 

fiirtVr incuhacon for " h^fic TT"' After 
for 2 h with horse radish tt^'w *<« "nsed again and incubated 

igG. TT«assa;:;^dev^te;^ri"^'r' P""'-«d goa, an^ 
sulfonic acid) as a sute/.^rSpTif^'^'*" 

«ve«e./ p„a„ mc ^''^ <»)' 
The amount of the soluble form of the tvm. I tvc p 
growth medium of the tested CHO ,-^( . , i 1^^'^ «f 
mem. were detrrnTed briTe imr^ll "^^^ " "'''^ "Pl""- 
of the soluble recep.^ i Lts^rS'n'f ^^^^^ 
for 48 h in s^m^7 J!.^ f ^HO cells were cultured 

membr.„e and mT^m i^r^^^^'^'r 
column (4.6 x 30 nin. BS^T^eTI^^'l'i'P'"^, '"^^ ^quupore RP300 
trifluoroacetic acid Th- I!- ' P^-eiuf'brated widi 0.3% aqueous 

mte of 0.5 this solution at a flow 

with a c.^mM..onSd1 nTo^S'"^'. 

acid, as described before rp^,.f '," ^'^^ '^'^^ irifluoroocctic 

-^r^^oW^^^^^Z^";:.'"" - Fractions of 0.5 ml 

HHPES buffer. pH ArS^^soTublTpeT^^N"^^^^^^ T ' ^ 
were determined by ELISA and ,^'"„">'P".TNF-R ,n the fractions 
nuore»:amine mcth^ S!^ an^MtheT^Mir 
ff/V>» Aso/arwn anrf analysis 

« sjf s^i^ 'T?''- "y p-misco 

by electrophoresis in J 5% T^,^ '9") and analyzed 

Wotting .o'-Cc^,cL„ ol^'hrr followed by 

Boston? MA). Tte EU cDNA il" ""^"'branes (NEN. 

priming, u^. thTAm^^ 'T" 'P-labcled by random oligomer 
The 'T^^^^^^'^^^.f^^J^'-^ (Amersham.- UK 

and then washed as S "bStv -tl. . '"T"* f"""""^ 

of low abundance iS^cS " ""^ 



Oeteetion of sur1aee-ex pressed tvoe I TNe 0 .i. ., 

Binding of nidiohbeled hum^ rTNF iS/ f^S^^ f 

plates at a density „f 2 5 x l(^ cellJ^ h.T!^ 

before fHol.mann anj WalbJ S'''*''*^ «*"fbed 

incuba..f„r4r£-a.°0?c"r^^^^^^^^^^ 



(Nuclear Rc-«arch Cewe Pui^^iK , f P^nhophosphate 

c-cuiininE iC« f«Il cSif s^m^Tw^^'R^'^'i '! '*'»P»«'«-f«c OMEM 

ln.vtiQ.u. Vienna AusrtaTarS «^ °' Bo<:hringer 

added to the cells fo 20 m ^ Th^^ 
solubilized by boil: i^ sr^: pIX*''* 

/J-mercaproethinol. filubifocTn";.^ """"" "^'^^ ="'"»i'''n8 
ri2«) rJ!.! . J. '™»"^bilizcd proteins were analyzed by SDS-PAnf 
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Note added in proof 

Since submission of this crticl«, cloning of the cDNA for the type I TNF-R 
Wds been described in tv*o publications [Locischcr.H., Pan.Y.-C.E.. 
I-ahm.H.W., Gentz.R.. Brockhaus.M.. Tabuchi.H. and Lcssloucr.W. (1990) 
Cell, 61, 351-359 and Schall.T.J. e! aL, ibid., 361 -370.] In vmo other 
publications [Smith.C.A. er ai. (1990) Science, 248. 1019-1023 and 
Kohno.T. et al. (1990) Proi\ Natl Acad. Sd. USA (in press)] the cloning 
of the type n TNF-R wa5 dcicribcd The predicted amino acid sequence 
in ihc extracellular dom;iin of this receptor fully matches the sequences 
presented here of amino acids in TBP 11 indicating ftjrthcr that, like TBPl. 
ihiii soluble TNF binding protein is alM) derived from its immunologicjlly 
cro5;s- reacting cell surface TNF-R. 
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Product and Ordering Information 



Technical Infcrmation: 

Our scientific staff is happy to assist you .vith any 
questions concerning the use of cur products. 

CLOMTECH Is committed to providing ycu wtth the 
best Innovative products and services possible. We 
value you as a customer. If you are dissaiisfied In 
any way with our products or services, please let us 
icnow. 

We are easy to reach between the hours cr 8 AM 
and 6 PM, Monday through Friday at: 

• (415) 424-8188 

. or you may contact us through yc j: distributor 



How CO order: 

Outside the United States: 

CLONTECH's distributors around the works a:e 
pleased to accept your orders for rheir countries of 
license, Please refer to the distributor list en page 
22.3 for contact irrformation. If you ere ordering 
directly from Canada, please suppjy the nsme and 
telephone number of your Customs broker. 

Within the United States: 

To expedite your order, please 
provide the following information: 

1, Shipping address 

2. Billing address 

3, Purchase order number 

4. Catalog number and product des:::ip:ion 
S- Size and quantity of product 

6, Purchaser's name and contact nL-.r>bcr 

Orders are processed upon receipt^ in most cases 
within 24 hours for routinely inventoried products. 

To avo)d duplication of your order, please make sure 
that wrinen confirming orders arc dearly rrerked as 
such. CLONTECH does not require wrine': confirma- 
tion of phone orders. If you receive duplicaie ship- 
ments, please ccnTacf us mmedlaxely 



Telephone orders: 
Call (800) 662*CLON (outside CA) 
or (415) 424-8188 

Fax orders: 
Our fax number is: (415) 424-1352 

Telex orders: 
Our telex number is: 330060 

Mail orders: 

Please send your ordering information to: 

CLONTECH Laboratories, Inc, 
4030 Fabian Way 
Pale Aito, CA 94303 

Attenijon: Customer Service Department 
Standing Orders: 

CLONTECH offers periodic shipments on any pur- 
chase order as a sen/ice to our frequent customers. 
Please arrange a schedule with your customer ser- 
vice representatrve. 

Custom and Bulk Orders: 

Please request quotations for all custom and bulk or- 
ders from your Customer Sen/ica Representative. 

Minimum Order: 

CLONTECH has no minimum order quantity. There 
is a S5.C0 handling charge for orders under 5150.CO- 



CLONTECH Libraries 



Library 



mRNA 
Vector Source 



Human Libraries 



# of Insert Size 
Indop. Range Catalog 
Clones (Average) Number 



Human Adrtnal cDNA xgtio 



Human AML cDMA XQtl 1 



Human 8-CeIl cDNA xgtiO 



Human B-CoII cDNA xot1 1 



Human 8-CelI. xgtiO 
PMA actrvatdd, cDNA 



Human Brain cDNA xgtl 1 



Human Brain, xgtl 1 

Alzheimcr'c. oOMA 



Human CML Spleen xgtl 1 

cDNA 



Human Colon cDNA xgtiO 



Human Colon cONA xgtl 1 



Human Endotheilai cONA xgtl 1 



Human EpfthQllai cDNA xgti 1 



Cortex and Medulla of adult l .3 X 10^ 
wrth Cushing's Disease. 

Acute myelogenous 1 .4 X io® 

leukemia (KG-l). 

B-Cell leukemic ceO line, 1 ,3 X 1 0^ 
RPMl 4265. Turner, era/., J. 
BloL Chem., 250:4512 
(1975). 

B-Cell leukemic celi line, 8.9 X 1 0^ 
flPMI 426S. Turner, ef a/., J. 
Biol. Chem,, 250:4512 
(1975). 

RPMl 4265 cells treated with 1 .4 X 1 0* 
50 nc/ml Phorbolmyristate 
acetate PMA for 4 days. 

Normal temporal cortex 7.3 X 10* 
tissue, excised from around 
a tumor. 

Tissue around the 8.1 X 10* 

hippocampus of a 70-year 

old diseased fenr^ale, 

removed 5-6 hours after 

death. 

Spleen of eight year old 1 .4 X 1 0^ 
female with Chronic 
Myelogenous Leukemia. 

Normal tissues excised from 1.5X10* 
around the colon cancer of 
a 53 year old mala. 

Normal tissues excised from 1 ,3 X 1 0^ 
around the colon cancer of 
a 53 year old male. 

Endothelial ceils from 1.5 X 10* 

umbincal cord veins. Cells 
were serially passaged and 
pQly(A) Isolated, 

Normal thymus epithelial 1.4 X 10® 
cefls, excised during 
open-heart surgery on a 3 
year old Caucasian female. 



0.55-<3.3 kb 
(V2 kb) 

0.8-3.4 kb 
(1.3 kb) 

0.3^.4 kb 
(0.98 kb) 



0.6-3.7 kb 

(1.2 kb) 

0.4-3.1 kb 
(730 bp) 



0.5-<3,8 kb 
(1.1 kb) 

0.6-3.2 kb 
(0.9 kb) 

0.6-3.5 kb 
(1.1 kb) 

0.34-3.4 kb 
(0.9 kb) 



HU0i4a 
HLl046b 
HLlOlSa 



0.73-4.1 kb HLlOISb 
(1.2 kb) 



HLl035a 



HLl003b 



0.31-3.1 kb HLl02fib 
(1.1 kb) 



HLl040b 



HLl034a 



HLl034b 



HL1024b 



0.42-2.8 kb HLl025b 
(0.9 kb) 



1.6 



CLONTECH Laboratories, Inc. (800)862-CLON (outside CA) 



Library 



mRNA 
Vector Source 



Indep. 
Clones 



Human Erythroleukemlc 
cONA 



Inaert SIzo 

Range Catalog 
(Average) Number 



Human Eye cONA 



Human Eye cDNA 



Human Rbroblast, Lung 
cDNA 

Human Rbroblast, SkJn. 
cDNA 

Human Rbroblast. Skin, 

CONA 

Human Fibrosarcoma 
cDNA 



xgti 0 Human arythrdeukemic 1 .0 X 1 0^ 
K562 c«ils cultured In RPMI 
1640. Slebert and Fukuda, 
v/. BioL Chem., 260: 840 
(1985). L022I0 and Lozzio, 
S/ood. 45:321 (1975). 

X gtio Male/female eye pool. 1.1X10* 
X gti 1 Male/femala eye pool. 1 .5 X 1 0^ 



Human Glioma cDNA 



Human Hairy Cell 
Leukemia (Mo-8) cDNA 

Human Heart cDNA 



Human Heart. Fetal 
Aorta. cDNA 

Human MeLa Cell cONa 



xgtl 1 Lung fibroblast ceil line, 22x10* 
IMRmATCC#CCL186. 

X gti 0 Cultured primary fibroblasts 1 .4 X 1 0^ 
from a young male. 

X gti 1 Cultured primary fibroblasts 1.1 x 10® 
from a young male, 

X gtll HT-1080 tumor oells. 1.6 X 10* 

Rasheed er aL, Cancer 
33:1027(1974). ATCC # 
CCL121. 

X gtn HS 683 from explant 1.1X10* 
cultures of a glioma taken 
from the left temporal lobe. 
ATCC # HTB 138. 

1.4X10^ 

xgt1 1 AduJt male heart, Including t.27 X 10* 
some aona region. Poly(A) 
HNA was slightly degraded 
as visualized on alkaline 
agarose gel. 

Xfltl 1 Normal, third trimester heart 8 4X10^ 
tissue. 

xgtl 1 HcLa-dcrlved D98-AH2 calls, 1.3 X 10* 
HPRT- in phenotype. W.S. 
Szybaiski er a/., Naa. Cancer 
Institute Monograph, 7: 75 
(1962). 



0^.4 kb 
(1.0 kb) 



HLl032a 



0.4-3.2 kb 
(0.7 kb) 

0.4-2.8 kb 
(0.7 kb) 

0.5-3.0 kb 
(1.3 Kb) 

0.5^.6 kb 
(1.0 kb) 

0.5-3.5 kb 
(1.1 kb) 

1.0-3,4 kb 
(1.3 kb) 



0.4^.1 kb 
(0.9 kb) 



0.4^.2 kb 
(1.0 kb) 

0.4-3.4 kb 
(0.9 kb) 



0.5-3.5 kb 
(1.1 kb) 

0.48-0.1 kb 
(0.85 kb) 



HLl047a 

HL1047b 

HLlOllb 

HLlOS2a 

HLl052b 

HLl04ab 

Hn049b 

HLlC43a 
HL:C3ab 



HLl042b 
HL1022b 



Human Hepatoma cDNA xgn i Hepatoma cefls. G^ 



1.3X10^ 



0.5-0.7 kb 
(0.96 kb) 



HLl015b 



CLONTECH Laboratories, Inc., Palo Alto. CA (415)42«188 



1.7 



I 

■ CLONTECH Libraries 



Library 

Human Keratinocyte 
cDNA 

Human Kidney oONA 



Human Kidney cDNA 



Human Leukocyte 
Genomic 

Human Leukocyta, 
Peripheral Blood. cDNA 



mRNA 
Vector Source 



Indep. 
Clones 



insert Sf2e 

^ Range Catalog 
(Average) Number 



Human Leukocyte. 
Peripheral Blood. cDNA 



Human Uver cONA 



Human Liver cDNA 



Human Uver, Fetal, cDNA 



Human Lung cONA 



Human Lxing Fibroblast 

cDNA 

Human Lung Small Cdll 
Carcinoma (NCI-H69) 
cDNA 

Human Lung Small Cefl 
Carcinoma (NCI.H69) 

COMA 



Xflt 1 1 Primary keratinocyte culture 1 . 7 X i 
from aduli epldemr^ls. 

XgtiO From e luvenlle male whose 1.7 X 10^ 
kidney had been perfused 
for 24 hours prior to poly(A) 
RNA isolation. 



Xgtl 1 From a juvenile male whose 
kidney had been perfused 
for 24 hours prior to poly (A) 
RNA isoiailon. 



1.4 X 10* 



EMBUS Leukocyte genomic DNA, e.a X 1 0* 
male. 

XgtIO Peripheral blood leukocytes 7.2 X 10^ 
from adult female with Acute 
Promyelocytic Leukemia, 
HLCO. S.J.ColIfns ere/., 
yVa/ure. 270: 347 (1977), 
ATCC# CCL240. 

xgtl 1 Peripheral blood leukocytes 8.4 X 10* 
from adult female with Acute 
Promyelocytic Leukemia. 
HL60. SJ.Collinsera/., 
^arure, 270: 347 (1977). 
ATCC# CCL240. 

XgtlO Normal adult Ifver, female. 1,5 X 10* 



Xgtl 1 Normal adult liver, femaJe. 7.8 X 10^ 



Xgtl 1 Fetal liver, 1 st trimester, 2.3 X 1 0^ 
male. 

xgtl 1 Normal adult lung tissue, 5.2 X 1 0^ 
excised during surgery. 

xgtl 1 Lung fibroblast cell line. 2.2 X 10^ 
IMn-90. ATCC* ccLice. 

xgtiO Lung Small Cell Carcinoma 1,4 X 10^ 
call culture, NCI-H69. 



xgtl 1 Lung Small Cell Carcinoma 7.7 X 10^ 
cea culture. Na-H69. 



0.5-^.8 kb 
(1.1 kb) 

O.5-O.2 kb 
(0.9 kb) 



0.4-0.1 kb 
(0.9 kb) 



16kD 

0.69-3.5 kb 
(0.88 kb) 



0.77-3.6 kO 

(1.1 kb) 



0.17-2,4 kb 
(0.8 kb) 

O.J-2.9 kb 
(0.94 kb) 

0.14-2.3 kb 
(1.1 kb) 

0.25-3.1 Kb 
(1.2 kb) 

0,5-3,0 kb 
(1.3 kb) 

O.fi-0.6 kb 

(0,93 kb) 



0.4-2.8 kb 
(1,0 kb) 



HLl045b 
HLl033a 

HLl033b 

HLl006d 
HLl020a 



HL1020b 



HLlOOIa 



HLl00lb 



HLlOOSb 



HL1004b 



HLlOllb 



HLioi2a 



HLl012b 



1,8 



CLONTECH Laboratorias. Inc. (800)662.CLON (outside CA) 



"6 D 



CLONTECH L lHr^ 



Library 



Human Lung Small Ceil 
Carcinoma (NCI-H128) 
cONA 



Human Lung Small Ceil 
Carcinoma (NCI -Hi 28) 
cDNA 



Human Lung, WI^8. 
cDNA 



Human Lymphsocyto 
cONA 



Human Mammary Gland 
cDNA 



Hunr\an Mammary Gland 

CDNA 



mRNA 
Vector Source 



#ot 
Indep. 
Clones 



Human Monocyte, 
Peripheral Blood, cDNA 



Hunr«n Monocyte. 
Perfphoral Blood. cDNA 



Human Monocyte, 
THP-1. cDNA 



XgtiO From Na-Hl28 cell line 1,0 X 10^ 

derived from malignant 
pleural fluid of a 60 year old 
Black male. Gazder, et aL, 
Cancer Research, 40: 3502 
(1980). 

xgrl 1 From Na-Hi28 cell line 1,3 x 10* 

derived from malignant 
pleural fluid of a SO year old 
Black mala Gazder, er a/., 
Cancer Research, 40: 3502 

(1380). 

Xgtl 1 WI^8 human dfploW cell 1.2 X 10* 
line, derived from normal 
Caucasian female lung. L 
Hayflick, Exp. Ceil Res.. 25: 
685 (1061), 

xgtio Near confluent Raji cells. B 15X10® 
lymphocytes, Puh/ertaft. 

Lancet, 1: 238 (1064), 
ATCC# CCL86. 

xgtl 0 Adult female breast tissue 1.1X10* 
excised during mactwtomy. 
The female was In the 8th 
month of pregnancy, 
showing weJI-dlfferentlated 
tissues and lactaUonaJ 
competence. 



Xgtl 1 See above. 



Human Melanoma cDNA xgtl 1 



Near confluent mefanoma 
A2058 ceils. 



X gt 10 90% human peripheral 
blood monocytes, 
LPS-activated. 

X gtl 1 90% human periphefal 
blood monocyl©9, 
LPS-actlvated. 

xgtio THP-i monocytes from 1 
year old male with Acute 
Monocytic leukemia, intj. 
Cancer, 20: 171 (1960). 
Cancer Research, 42: 1530 
(1982). ATCC# TIB20Z 



1.1 X 10* 
7,1 X 10^ 
1.34 X 10* 

1.3 X 10* 

1.4 X 10* 



insert size 

Range Catalog 
(Average) Number 



0.3-3.5 kb 

(0.85 kb) 



CLONTECH Laboratories. Inc.. Palo Alto, CA {415)42^8188"" 



0,3-3.7 kO 
(0.92 kb) 



0.&-3.5 kb 
(1.1 kb) 



0,25-3.2 kb 
(0.87 kb) 



0.&-3,3 kb 

(1.1 kb) 



0.5-3.4 kb 
(1.2 kb) 

0,3-3.6 kb 
(0.82 kb) 

0.4-3,5 kb 
(1.2 kb) 



0.5-<3.7 kb 
(1.0 kb) 

0.55-3.0 kb 
(0.97 kb) 



HLl030a 



HLl030b 



HLl041b 



HLl002a 



HLl037a 



HLl037b 
HLl023b 
HLlOSOa 

HLl050b 

HLl02la 



1.9 



CLONTECH Libraries 




o 


0 






Library 


mRNA 
Vector Source 


#of 
indop. 
Clones 


Insert Size 

Range 
(Average) 


Catalog 
Number 


Human Monocyte, 
U-937, CDNA 


xgtio 


U-937 cultured cells actively 
growing prior to poly(A) 
RNA IsoJatloa 


1.SX 10* 


0.4-3.4 kb 
(0.95 kb) 


HLl029a 


Human Monocyte. 
U-937, cDNA 


xgtii 


U-937 cultured cells actively 
growing prior to poly(A) 
WNA isdatlon. 


1.2X10* 


0.3-0.7 kb 
(0.9S KO) 


HLl029b 


Human Monocyte, 
U-937, PMA activated 
cDNA 


xgtio 


U-937 cells treated with 
50 ng/ml Phorbolmyristate 
acetate (PMA) for 3.5 daya 
to achieve monocyte-IIke 
stage. 


1.4X10* 


0.&-3.8 kb 

(1.1 kb) 


HL1036a 


Human Monocyte. 
U-937, PMA activated 
cDNA 


xgtii 


u-937 cells treated with 
50 ng/ml Phorbolmyristate 
acetae (PMA) for 3 J days to 
achieve monocyte-IIke stage. 


i.ax 10* 


1 .0-3.9 kb 
(1.3 kb) 


HL1036b 


Human Multiple Myeloma 
cDNA 


xgt1i 


Bone manow obtained from 
a fennale with Multiple 
Myeloma, IM9. Ann. NX 
Acad.ScL, 110:221 (1972). 

BlQl. Chem,, 249: 1661 
(1974). ATCC#CCL159. 


2.2X10* 


0.52-3.5 kb 
(1.1 kb) 


HL1027b 


Human Neuroblastoma 
cDNA 


xgtio 


Neuroblastoma ceil line. 
Kelly. 


1.05 X 10* 


0.4-3.4 kb 
(1.3 kb) 


HLl007a 


Human Osteosarcoma 
cDNA 


xgtii 


Osteoaarcoma cell culture, 
MG-63. Antimlcrob. Ag, 
Chemother., 12: 11 (1977). 
ATCC# CRL1427 


1.6X10* 


0.55-3.0 kb 
(0.97 kb) 


HLl013b 


Human Pancreas cONA 


xgtio 


Islets of Langerhans 


1.0 A 10 


1.2-4.0 Kb 

(2.0 kb) 


HLl054a 


Human Peripheral Blood 
Leukocyte cDNA 


xgtio 


Peripheral blood leukocytes 
from adult female with Acute 
Promyelocytlc Leukemia, 
HL60. S.J,CoIIInsefa/., 
A/aft/re. 270: 347 (1977). 
ATCC# CCL240. 


7.2 X 10* 


0.69-3.5 kb 
(0.8d kb) 


HL1020a 


Human Peripheral Blood 
Leukocyte cDNA 


xgin 


Peripheral blood leukocytes 
from adult female with Acute 
Promyelocytlc Leukemia, 
HL60. SJ.CollIn3 era/., 
Nature, 270: 347 (1977). 
ATCC# CCL240. 


8.4 X 10* 


0.77-3.6 kb 
(1.1 kb) 


HLl020b 


Human Peripheral Blood 
Monocyte cDNA 


xgtio 


90% human peripheral 
blood monocytes, 
LPS-acilvaied. 


1.34X10* 


0.4-3^ kb 
(1 2 kbi 


HLlOSOa 


1.10 




CLONTECH Laboratories, Inc.. 


(800)662-CLON 


(outside CA) 



Library 



Vector Source 



Indep. 
Clones 



Human Peripheral Blood 
Monocyte cDNA 

Human Peripheral Bfocd 
Monocyte cONA 

Human Placenta cdna 
Human Prostate cDNA 
Human f restate cDNA 
Human Retina cDNA 



^gt n 90% human peripherai 
Wood monocytes, 
LPS-activated. 



insert size 
(Average) Number 



1.3X10* 
1-2 X to* 



0.5-5.7 kb HLlOSOb 
(1.0 kb) 



>^St 11 90% human peripheral 
blood monocytes. 

^fltn Placental tfssua. 34 weeks ^ q ^ 10« 
old. 



tfasues. 



0.5-G.4 kb 
(1.1 kb) 

0.8^.6 kb 



tissues. 
^gtlO Adult retina. 

Hun.an Retina CDNA Adult retina. 



Human Skin Fibroblast 
cDNA 

Human Skin Rbroblast 
cDNA 

Human Spleen cONA 

Human Spleen cDNA • 

Human Spleen, CMU 
cDNA 



Human Submaxillary 
Gland cDNA 

Human T-Cell cONA 



Human T-Ceil cDNA 



from a young male. 

^ gtl 1 Cultured primary fibroblasts i.i x lo* 
from a young male. 

xgtiO Normal 25 year old ma/e my inC 
spleen. '•'^a lo 

xgtn Nonrj^ 25 year old male 1.3x10^ 

^Otl 1 Spleen of 8 year dd female 1 4 x ifl« 

with Chronic Myelogenous ' 
Leukemia. 

X gtl 1 Male gland excised during 1.3 x io« 
biopsy. 

xgtiO T-CeJI leukemic cell line. n X io« 

Jurkat. Schneider era/.. /nt 
^. CancflA, 19:621 (1977) 
Yanagiera/., /»amS 82- 
3430 (1985). 

XOti 1 T^j Leukemic ceffl fina i i y ,n6 
Jurkat. Schneider er a/., /nt 
^. Cancar. I8:62i (1977). 

Yanagl era/., PAMS. 82: 
3430 (198S). 





(1.8 kb) 


1.5 X 10® 


0.6-3.7 kb 




(1.2 kb) 


1.62 X 10* 


0-5-3.6 kb 




0-1 kb) 


1.6X10" 


0.5-3.5 kb 




(1.1 kb) 


1.4 X 10* 


0.5-3.4 kb 




(1.0 kb) 


1.4 X lo' 


0.5-3.6 kb 



(1.0 kb) 

0.5-3.5 kb 
(1.1 kb) 

0.5-3.4 kb 
(1.0 kb) 

0.6-3.3 kb 
(1.0 kb) 

0.5-3.8 kb 
(1.1 kb) 

0.5-3.2 kb 
(1.0 kb) 

0.58-3.8 kb 
(1.2 kb) 



HLlOSob 
HLlOOab 

HLlC5la 

HLlCSib 

HLlG5Sa 

HLlOSSb 

HLl052a 

HLl052b 

HLl039a 

HLl039b 

HLl040b 

H Li 053b 
HLl0l6a 



0.58-3.8 kb HLl016b 
(1.2 kb) 



1.11 



CLONTECH Libraries 



0 o 



Library 



Human T-Cell, 
PHA Sllmtj/ated. cONA 



Human T-Cell, 

?HA Stimulated, cONA 



Human TestJs cONA 



Human Thymocyte DNA 

Human Thyroid 
Carcinoma cONA 

Human Wilms' Tumor 
(G-tOl) cONA 

Monkey Libraries 
Monkey Brain cONA 
Monkey Brain cDNA 



Vector Source 



#of 
fndep. 
Clones 



Insert Size 



J^gtlO Concentrated T-Ceo ^sxw^ 
population from peripheral 
Wood of a healthy adult 
PHA stimulated for 48 hours 



Range Cataloo 
(Average) Number 



1 1 Concentrated T-Cell 

population from periphsral 
blood of a hea/thy adult. 
PHA stimulated for 48 hours. 

>^gtii Normal te«lclG, oxclMd 
during surgery from a 
heaJthy 50 year o<d. Not 
hormonaily Induced. 

>^gtii Normal thymus excised 

during surgery on a 3 year 
old Caucasian femaJa 

xgni Adult thyroid carcinoma 
tiaaue, male. 



1.0 X 10* 



1.0 X 10* 



1.7X10* 



6.8 X 10* 
1.3 X 10* 



0.4W.8Vb HLl03la 
(0.95 kb) 



0.7-3.3 kb HLl03lh 
(1.4 feb) 



0.45-3.4 kb HLl026b 
(0.9 kb) 



0.65-2.7 kb HLl009b 
(1.2 kb) 

0.6-3.8 kb HLl044b 



^9tl0 Adult male fihestis brain 
tissue. 



Monkey Genomic 
Monkey Liver cONA 
Monkey Liver cDNA 



Monkey Smooth Musde 

CONA 

vtonkey emooth MusoJa 
:ONA 



1.3X10* 
1.2X10* 

EMBL3 Adult female Rhesus /^er. i.exio* 



^'Stll Adult male Rhesus brain 
tissue. 



^gtio Adult male Rhesus liver 
tissue. 

^fli" Adult maie Rhesus liver 
tissue. 



1.3 X to* 
1.1 X to* 



^"0 Aortic smooth muscles from t4Xl0« 

1-3 year old Rheaus. '-^JAIO 

>^9tl1 Aorte emooth mueo*ae from i.axio* 

t.5 yea/ old Rhesus. '-*-^io 



0.5-3.4 kb OLl003a 

0.6-3.7 kb OLl003b 

10-22 kb OLl004d 

(16.3 kb) 

0-5-3.4 kb OLl002a 

O.S-3.5kb OLl002b 



0.4-3.8 kb 
(1.03 kb) 

0.5-3.3 kb 
(1.1 kb) 



OLiOOia 

OLlOOIb 
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• ^'-ONTECH Laboratories. Inc. flioO) 'fB2-CL6Nlovi'^l^^ 'ci\ 



CLONTECH Ordering Information 



Technical Information: 

Our scientific staff is happy to assist you .vith any 
questions concerning the use c: our proc j-rts. 

CLONTECH is commiUed to providing yc, with the 
best innovative products and services pcc-^ibie. We 
value you as a customer. If you are dissatisfied in 
any way with our products or services, pioase let us 
know. 

We are easy to reach between the hours :f S AM 
and 6 PM. Monday through Friday at: 

(415) 424-8222 

or. you may contact us tnrough yc. r 
distributor. 

~ How ;o order: 
Outside the United Slates: 

CLONTECH's distributors around the wo d are 
pleased to accept your orders for their ccuniries of 
license. Please reler to the distributer lis: t :his ap- 
pendix for contact information. If you are ordering 
directly from Canada, please supply the rz^me and 
telephone number of your Customs brokrvr. 

Within the United States: 

To expedite your order, please 
provide the following information: 

1 . Shipping address 

2. Billing address 

3- Purchase prder number 

4. Catalog number and product de:^cription 

5. Size and quantity of product 

6. Purchaser's name and contact r jnber 

Orders are processed upon receipt, in rr.isl cases 
within 24 hours for routinely inventoried products. 

To avoid duplication of your order, pieaso make sure 
that wrinen confirming orders are clearly -narked as 
such. CLONTECH does not require wrirr-n confirms' 
tion of phone orders, if you receive dupii:-3Te ship- 
ments, please contact us immeci?alely 



Telephone orders: 

Call (800) 652-CLON (outside OA) 
or (415) 424-8222 (inside CA) 

Fax orders: 
Our fax number is: (415) 424-1352 

Telex orders: 

Our telex number Is: 330060 

Mail orders; 

Piease send your ordering information to: 
CLONTECH Laboratories, Inc. 
4030 Fabian Way 
Falo Alto, CA 94303 

Attention: Customer Service Department 
Standing Orders: 

CLONTECH offers periodic shipments on any pur- 
chase order as a service to our frequent customers. 
Please arrange a schedule with your customer ser- 
vice representative. 

Custom and Bulk Orders: 

Please request quotations for all custom and bulk or- 
ders from your Customer Service Representative- 
Minimum Order: 

CLONTECH has no minimum order quantity. There 
is a $5,00 handling charge tor orders under SI 50.00. 



CLONTECH Laboratories. Inc. {415) 41 .'-8222 (inside CaT 



CLONTECH Ordering Information 



Pricing and Terms: 

Prices are subject to change without ncvce. For the 

u^to-date pricing information on ::ams .n th,s 
pr^^e K. please contact U5 or your .-slr.butor. 
m ine event of interim price changes o:^ products 
^ountir^ to more than 10% °^^'<i^^\^l%^ 
$100 00 CLONTECH will contact you 0..0M0 ship 
p'ng your order. Payment terms are n.'. 30 days ,n 
US dollars. 

US Government Customers 
CLONTECH is listed on the GSA Schedule. Our 
NIH BPA Number is 263-0OC2533G. 



Product Changes: 



Shipping: 



CLONTECH products are S'^'PP«^/ S!.-.H«rf .0 
CA Shipping charges are prepaid and added to 
vour i^vSe Orders requiring blue or dry ,ce are 
shiDoed via UPS Next Day Air or Federal Express 
pTMonday through Thursday, uniesi uthenA.se re- 
qu;sted. orders not requiring Ice are sn-pped 
UPS 2 Day Air. Monday through Fndty. Shipments 
o( hazardous iten^s are sen! by an ap,-ropnate car- 
rier. 

Alternative carriers may be requestec with your crder. 



We reserve the right to delete products or change 
specifications at any time without notice. 

Genetic Research Guidelines: 

We recommend that our products be used in accord- 
ance with MIH guidelines developed for genetic re- 
search. 

Patent Intormation; 

No license or Immunity under any patent is either 
gra.'^ted or implied by the sale of any of our products. 

Disclaimer: 

CLONTECH disclaims any and ail responsibility for 
any injur/ or damage which may be caused by the 
failure of the buyer or any other person to use these 
products in accordance with the cond.tions outlined 
herein. 



Partial Shipments 



Normally, all orders may be fined w|l!^'[^.a ^.ngle sh p- 
Znt. It his is not possible, we w.ll < uate a part a 
shipment ot your order. If you do nc; want a partial 
shipment, please indicate this when you order. 



Returns and Credit: 



in order to facflitate processing, we r?;quest that no 
returns be made without prior author>zaf.on. Please 
Snlact your customer sen/ice repre:-v^ntat.ve for .n- 
S^«Sns for all returned goods. >n.-der to rece ve 
aedit. products should be returned ^-;="g"^a^ .ntact 
condition. Ther9 will be a 20% restock.ng fee cn all 
goods returned due to customer ordering error. 

Conditions: 

All of CLONTECH's products are intended to bs 
used only in a research laboratory. They are r;ot to 
be used either for drug or diag.nostir. purposes, nor 
are they intended to be for human -. re. 



Warranty: 



CLONTECH's products are warranted to meet our 
product specifications in effect at the time of sh.p- 
ment. Notice ol non-conforming products "i"St be 
made to CLONTECH within 30 days of receipt of the 
product. This warranty is exclusive and is .n lieu of 
ail other warranties, expressed or .mphed mclud.ng 
anv implied warranty of merchantability or fitness or 
any paSar purpose. CLONTECH sh^l not be 1 
able for any incidental, consequential or contingent 
damages. 



Product and Ordering infnrrr,^.,-^ 



Pricing and Terms: 

Prices are subjeci lo change wit.-.ou: notice. For the 
most up-to-date pricing informaiicn on items in this 
price iisilng. please contact us or your distributor. 

In the event of interim price charcjss on products 
amounting to more thar> ',0% on orders over 
SI 00.00. CLONTECH wiH coniac. you prior to ship- 
ping your order. Payment terms are net 30 days in 
US dollars. 



Conditions; 



rs 



US Government Custome 

CLONT6CH fs listed on the GSA Schedule. Our VA 
contract number is V797P-5S24K. Our NIH BPA Num- 
ber is 263-00025536. 



Shipping: 

.-.O.S. Palo Alto, 
and added to 
or dry ice are 
cderal Express?!, 
other-vise re- 
sre shipped va 
•:day. Shipments 
appropriate carrier. 

Alternative carriers may be requesi'jd with your order. 



CLONTECH products are shippec: 
CA. Shipping charges are prepaid 
your invoice. Orders requiring wer 
shipped via UPS Next Day Air or 
i^^onday through Thursday, unless 
quested. Orders not requiring ice 
UPS 2 Day Air, Monday through F 
of hazardous items are sent by an 



Partial Shipments 



Normally, all orders may be filled v. ifnin a single ship- 
ment. If this is not possible, v;q wf;. initiate a parria! 
shipment of your order, if you do -.ot want a partial 
shipment, please Indicats this wher you order! 

Returns and Credit: 

In order to facilitate processing, we rsquest that ,".o 
returns bo made without prior authc.-izatlon. Piease 
contact your customer service repr ;-:3er.talivo for in- 
siructions for all returned goods. Ir order to receive 
credit, products should be returned in original Inr^c' 
condftfon. There wi// be a 20% restocking fee cn ali" 
goods returned due :o customer ore ar.r.g error 



All of CLONTECH's products are intended to be 
used only in a research laboratory. They are not to 
be used either for drug or diagnostic purposes, nor 
are they intended to be for human use. 

Product Changes: 

We reserve the right to delete products or change 
specifications at any time without notice. 

Genetic Research Guidelines: 

We recommend that our products be used in accord- 
ance wrth NIH guidelines developed for genetic re- 
search. 

Patent Information: 

No license or immunity under any patent is either 
granted or Implied by the sale of any of our products. 

Disclaimer: 

CLONTECH disclaims any and all responsibility for 
any Injury or damage which may be caused by the 
failure of Ihe buyer or any other person to use these 
products m accordance with the conditions ouUined 
hereh. 

Warranty: 

CLONTECH's products are warranted to meet our 
product specifications in effect at the lime of ship- 
ment Notice of non-conforming products must 
made to CLONTECH within 30 days of receipt of ihe 
product This warranty Is exclusive and is in lieu of 
ail other warranties, expressed or implied, including 
any implied wamanry of merchantability or fitness for 
any particular purpose. CLONTECH shall not be li- 
acle for any incidental, consequential or coniinqent 
damages. 



CLONTECH Libraries 



mRNA 
Vector Source 



# of 
Indep. 
Clones 



Hamster Libraries 



CHOKl CONA. 
5'-STRE7CH 



CH0-K1 cONA. 
5-STPETCH 

Human Libraries 

•Jl cDNA 

'••^-an AML cONA 

'^urr.^n. Aorta. Fetai» 
•:ONA 

" • f cONA 



A^tl 0 Chinofio hamcior ovary 
CHO-K1 cells. 
ATCC#CCL61. 

A^t* 1 Chinese hamster ovary 
CH0-K1 cells. 
ATCC#CCLS1. 

SWAJ.2 Sooabova. 



0 Cortex and Medulla of adult 
witn CusMng's Disease. 

Acute myolo^enoua 

Ieukemia{KG-1). 

A^tl 1 Normal, third trimester, male 
aortal tissue. 

0 3-Celi leukemic cell line 
RPMI 4265. Turner, e/a/.. J. 
QioL Chom., 250:4512 
(1975). 



Human B-CellcONA l^tll See above. 



*---^ar3.Ce!l. 

^ared.cDNA 

Hwman 3one Marrow 
^-STHETCHcDNA 

^"^n Bone Marrow, 
5 -STRETCH CDNA 
^•^an Brain, 

■ c.-. . 

*''^ysaaia cOna 



igtio RPMl 4265 cells treated with 
50 ng/ml Phorbolmyristate 
acetate PMA /or 4 days. 

XgtiO Adult male. 
X gtl 1 Acult male. 
XgtIO 
Xgtll 



1.4X 10* 
1.5X 10^ 
1.4X 10^ 

1.3X10^ 
1.4 X 10® 
3.4 X 10* 
1.3X 10° 

8.9 X 10* 
1.4X10^ 

1.4X 10^ 
1.51X10^ 
1.6X10* 
:.3X 10^ 

1.4X10^ 
1.0 X 10^ 



Insert Size 

Range Catalog 
(Average) Number 



O.S to>4.0 kb JLlOOia 
(1.5 kb) 

0.7 to>4.0 kb JLlOOlb 
(1.5 kb) 

0.6 to>4.0 kb JLlOOt;-: 
(1.1 kb) 



O.S5-3.3kb 
(1.2 kb) 

o.8-o.4Wb 
(1 3.<b) 

0.5-3.5 kb 
(1.1 kb) 

0.39-3.4kb 
(0.93 kb) 



0.73-4.1 kb 
(1.2 kb) 

0.6-3.7 kb 
(1.2 kb) 



HLl014a 

HL 10460 j 

HLl042i: 1 
i 

HLIOlSa I 



HLlC13b 



HLl035a 



O.S to>4.0 kb HL 1053a 
(1.5 kb) 

0.6 to>4.0 kb HLlOScb 
(1.6 kb) 

0.&-3.Skb HLICaCa 
(1.2 kb) 

0.6-3.7kb HLlCaCb 
(1.2 kb) 

O.S-<3.5kb HL:G8la 
(1.0 kb) 

C.6-0.S.kb HLlCa-b 
(1.4 kb) 



CLONTECH Libraries 



Library 



mRNA 
Vector Source 



# of 
Indep. 
Clones 



Insert Size 

Range 
(Average) 



Catalog 
Number 



Human Brain, Caudate Xgt^ 0 
CONA 

Human Srain. Caudate Xgti 1 
cONA 

Human Brain. X^t10 
Cerebellar Vennis cDNA 

Human Brain, Xgtl t 

CdrQbailar Vermis cONA 

Human Brain. Cingulate Xgtl 0 
Gyrus cONA 



Figure 2. Region-Specific Human Brain Libraries, 
These libraries are made from oligo(<ST) -primed 2nd 
randomly-primed cDNA from specific regions of the 
human orain. Tne tissues were obtained at autopsy 

from a disease-free 20 year old black male. The 
body was presented at 4*C within one hour of death. 

Shawn here are insert sizes of four random clear 

plaques from the Xgti 1 gyrus recti library, 
determined by using two kgri 1 CeneAmp^'^ PCR^ 
PRI'MA TE ^ Amplimers (Cat No, 54 12- 1), 



Human Brain, Cingulate Xgti 1 
Gyrus cDNA 

Human Srain. Oeniaie XgriO 
cDNA 

Human Brain. Dentate lgti 1 
cONA 

Human Brain, Globus AgtIO 
PalliduscONA 

Human Brain, Globus Xgt1 1 
PalliduficDNA 

Human Brain. XgtlO 
Gyrus Recti cONA 

Human Brain, Xgtn 
Gyrus Recti cDNA 



1.8X10*' 
1.5 X iC* 
1.8 X 10^ 
1.2 X 10° 
1.5X10^ 



0.6-3.8 kb 
(:.4 kb) 

0 5-3.8 Kb 
( 1 4 Wo] 

0 6-3. 7 kb 

■:1.3kc) 

0 6-3.6 
tl.2 kb) 

0.5-3.4 kb 
(1.0 Wd) 



HLt076a 
HL1070b 
HL1083a 
HL1Ca3b 
HL1084a 




1.3 X 



(1.6 kb) 



1 .8 CLONTECH Laboratories • - M 5) 424-3222 (inside CA) 




mRNA 
Vector Source 



# of 

Indep. 
Clones 



human Brain, 
HiopocampLJs cDNA 

Human 3rain. 
H'opocampus cDNA 

rrain, Medulla 

-uman Brain, Medulla 
cONA 

Human Brain, Nucleus 
AccumboPi cDNA 

Human Brain. Nucleus 
-■^sns cDNA 

- uit Brain, 
Occ;pi:ai Pole cONA 

Human Brain. 
Occipitai Poie cONA 

H'jman Brain, 
PutamencONA 

3rain, 
-nan cONA 

Human Srain, 
Substantia Nigra cONA 

Human Brain. 
Substantia Nigra cDNA 

Human Brain. Superior 
■'"porai Gyrus cONA 

Human Brain, Superior 
Temporal Gyrus cONA 

Human Brain, Fetal, 

cONA 



Human Brain. Fetal 
DNA 

Human Brain, Temporal 
Cortex CDNA 



XgtlO 
>-gtl 1 
XgtlO 
Xgtn 
XfltIO 
Xgtl 1 
XgtlO 
Xgtn 
^tlO 
Xgtn 
XfltIO 
Xgtn 

Xgtl 0 Feiai Brain tissue from 21 
week old fetus. Mother's 
bJood type: A^.. 

Xgtn See above. 

Xgtl 1 Nonnal temporaJ cortex 

tissue, excised from around 
a tumor. 



Insert Size 

Range Catalog 
(Average) Number 



VOX 10^ 
1.1 X 10® 
1.3X10^ 
V2 X 10^ 
1.0X10^ 
V^XIO^ 

1.SX 10* 
1.3X10^ 
1.3X10° 
1.3X10^ 
1.2 X 10^ 

1.0 X 10^ 

1.0X 10* 

1.3X10^ 

1.3X10^ 
7.3X10^ 



0.3-3.2 kb 
(1.0kb) 

0.3-3.2X0 
(O.a kb) 

0.4-3.3 kb 
(1.0 kb) 

Q-*i-3.7:<b 
(M kb) 

0.5-3.7kb 
(1-2 kb) 

0.S-3.3kb 
(1.1 kb) 

0.5-<3.4ko 
(M kb) 

0.5-3.5kb 
(1.1 kb) 

0.4-3.3 kb 
(0.9 kb) 

0.4-3,4 kb 
(0.9 kb) 

0.6-^.0 kb 
(1.4 kb) 

0.6-4.0kb 
(1.4 kb) 

0.&-3,7kb 
(1.1 kb) 

0.4-3.7kb 
(1.2 kb) 

0.6-4.0 kb 
(1.1 kb) 

0.7-^.0 kb 
(1-2 kb) 

0.4-<3.1kb 
(780 bp) 



HLl083a 
H',:oaa5 
HLIOaSa 
HLlcaSb 
HLlCSOa 
HL 1090b 
HLvOSTa 
HL:09lb 
HL:092a 
HL:032b 
HL 1093a 
HL^OSob 
HLl094a 
HLiOS4b 
HLl065a 

HLlGC3b 



CloNTECH Laboratories, Inc. (800) 662^LON (outside CaJ 
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CLONTECH Libraries 



Library 



mRNA 
Vector Sourca 



# of Insert Size 
Indep. Range Catalog 

Clones (Average) Number 



Human Brain. 
Alzheimer'3. cDNA 



Human Breast cONA 



Human Broast cDNA 



Human Breast. 
5'-STRETCH cDNA 

Human Breast. 
S'-STRETCH cDNA 

Human Breast, 
5'-STRETCH cDNA 

Human Breast 

Carcinoma, 

5'-STRETCHcDNA 

Human Breast 

Carcinoma, 

S'-STRETCHcDNA 

Human GEM T^Cell 
cONA. randomly-primed 
+ oligo(dT)-primed 



Human OEM T-CeJI 
cONA, randomly-primed 
+ oligo(dT)-primed 

Human CML Spleen 
cDNA 



Xgt1 1 Tissue around the 8.1 X 1 0^ 

hippocampus o^ a TO-year 
Old diseased female, 
removed 5-6 hours after 
death. 

X^ti 0 Adult breast tissue excised i . i X 1 
during mastectomy, during 
the 8th month of pregnancy. 
Section showed weii- 
differentiated tissue and 
laaationai competence. 



Xgt11 Soeabov«. 
XgtIO See above, 
igtn See above. 
SWAj-2 see above. 



1.6 Xto^ 
1.4X10^ 
1.3X10® 
1.4X 10^ 



X gtl 0 Breast cardnoma 2R-75-1 . 1.3X10* 



Xgtn Breast carcinoma ZR-75-1. 1.4X10* 



2ap^ CCRF-CEMT 

iymphoblastoid cell lino 
(Foley et a/.. Cancsr 16: 522 
(1065).) Cell lin« is pocitfvo 
forCD4. CDS, T9 and T1G. 
and negative for COi , C03, 
CDS.DRandTAC. Ceil line 
is used for the propagation 
of HIV. ATCC#CCL119. 

pBIue- See above, 
scrip! ^ 



Xgti 1 Spleen of eight year old 
female with Chronic 
Myelogenous Leukemia. 



1.6 X 10' 



1.0 X 10* 



1.4 XIO*" 



0.31-3.1 kb HL1028b 
(1.1 Kb) 



0.S-3.3kb HL:C37a 
(1.1 kb) 



0.5-3.4 kb HLl037b 

(1.2 kb) 

0.8 lo>4.0 kb HLlC61a 
(1.5 kb) 

0.8 to>4.0 kb HLIOS^b 
(1-3 kb) 

0.8 to>4.0 kb HLl061h 
(1.5 kb) 

1.0 to>4.0 kb HL1059a 
(1.7 kb) 



1.0 t0>4.0 kb HLl059b 
(1.7 kb) 



1.2to>4.0kb HLl063f 
(1.7 kb) 



1.1-^-6kb HL1063g 
(2.3 kb) 



0.5-3.8kb HLl040b 
(1.1 kb) 



1.10 
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CLONIICHLibraries 




Human Colon cDNA 

- '"-"^ Colon Tumor 

Human f ndolheliaJ 
cONA 



Human EndotheUal 
cONA. S'-STRETCH 



Xgin Seeaoove. 



Xgtl 1 Human T84 colonic lumor 
/Von/S/7 cell line. 



\gu 1 



u.-i epithelial cDNA ;^t1 1 



Human Eryihroleukemic Xgn 0 
cDiNA 



Endothelial cdllc from 
umbilical cord veins. Cells 
w«ro Mfiaily pa««ag9<j and 

poiy(A) isolated. 

Endothelial celJs cultured 
from human umbilical cord 
veins. 

Normal thymus epithelial 
cells, excised during 
open-heart surgery on a 3 
year old Caucasian female. 

Human erythroleukemic 
K562 cells cultured in RPMI 
1640 and treated with PMA 
as described. Siebertand 
Fukuda, J. Biol. Chgm,. 260* 
640(1985). Lozzioand 
Lozzio. Blood, 45:321 
(1975). 



1.3 X 10® 
1.3X10^ 
1.5 XlO^ 

2.1 XI 0* 
1.4X 10^ 

1.0X10^ 



0.6-3.Skb 
(1.1 kb) 

0.5-3-5 W3 
(1.1 kb) 

0.34^.4kb 
(0.9 kb) 



HLl079k 
HL 1024b 



0.6 to >4.0 k£) HLl07Cb 
(1.8 kb) 

0.42-2.3 kO HLl025b 
(0.9 kb) 



O.S-3.4kb HLl032a 
(1.0 kb) 



Human Eye cDNA Xgtl 0 Maie/female eye pool. 

Human Eye cDNA x^tl t MaJe/female eye pool. 



Human Fallopian Tube X gtl 0 
5 -STRETCH cONA 

Human Fallopian Tube X gtl 1 
5'-STRETCH cO^M 

Human Fibroblast, Lung Aotl 1 
cONA 

■'•uman Fibroblast. Skin Aijti o 
CDNA 

Human Fibroblast, Skin Aijtl 1 
cONA 



Adult faJlopran tube, 
mid-seaion. 

Adult fallopian tube, 
mid-seaion. 

Lung fibroblast cell line 
iMR-90.ATCC#CCL186. 

Cufiured primary Hbroblasts 
from a young male. 

Cultured primary fibroblasts 
from a young male. 



1.1 XlO^ 

1,5X10® 

1.3X 10* 

1.2X10^ 

2.2X10* 

1.4X10^ 

1.1 X 10® 



0.4-3.2kb 
(0.7 kb) 

0.4-2.8 kb 
(0.7 kb) 

0.6 t0>4.0 kb 
(1.5 kb) 

0,6 to>4.0 kb 
(1.5 kb) 

0.5-3.0kb 
(1.3 kO) 

0.5-3.6 Kb 
(I.Okb) 

0.5-<3.5kb 
(1.1 kb) 



HL:047a 

HLl047b 

HLiceoa 

HL 1060b 

HLlOVb 

HL1052a 

HLl052b 



CLONTECH Libraries 



If 

it 



Library 



mRNA 
Vector Source 



#of 
Indep. 
Clones 



Insert Size 

, R»"fl«, Catalog 
(Average) Number 



Human Fibrosarcoma 
cDNA 



Hunnan Genomic 
Human Glioma cONA 



Xgtl 1 HT-1 080 tumor cells. 

Rashesd or a/., Cancar 
33:1027(1974). ATCC# 
CCL121. 

eMBL3/ Human Plac^nu ONA. 
SP6/T7 Sau 3Apaaial. 



AgtH 



Human Hairy Cell 
Lftukemla (Mo-B) cDNA 



Human Heart cDNA 



XgtiO 



Xgtll 



HS 683 from axplant 
cultures o( a gfioma taken 
from the left temporal lobe. 
ATCC#HTB 138, 

Epstein-Barr 
virus-transformed B 
lymphobiast cell line. 
ATCC#CCL245. 

Adult male nean, including 
some aorta region. Poly(A) 
RNA was slightly degraded 
as visualized on alkaline 
agarose gel. 

HeLa-derfved D98-AH2 cells, 
HPRT- in phenotype. W.S. 
Szyoaisxi era/,. Natl, Cancer 
Institute Monograph, 7: 75 
(1962). 

Human Hepatoma cDNA Xgti 1 Hepatoma oelle, G2. 



1.6X10^ 

2.5 X 10^ 
1.1 X 10® 

1.4X10^ 

1.27X10* 



Human HeLa Cell cONA Xgtl 1 



1.3X10* 



Human HUT.78 T-Cell X^il 1 
S'-STRETCH, cDNA. 

PMA-activated 



Human Keratinocyte Xgtl i 
cDNA 

Human Kidney cDNA Xgtl 0 



Human T-cell line (J. Exp, 
Mod. 154:1403(1981).) 
Positive for IL-2. ATCC # 
TIB161. 

Keratinocyies from adult 
epidermis. 

From a juvenile male whose 
kidney had been perfused 
for 24 hours prior lo 
poly(A)* RNA isolation. 



Human Kidney cDNA Xgtl 1 See above. 



Human Kidney. FetaJ, Xgtl 0 
cDNA. 5'-STRETCH 



Fetal kidney tissues from a 
mixture of 20 week and 24 
week old fetuses. 



1.3 X 10^ 
1.5X10* 

1.7X10* 
1.7X10* 

1.4X10* 
1.7X10® 



1.0-3.4kb HLl048b 
(1.3 -Kb) 



8-21 kb 
(15 kb) 

0.4-<3.1kb 
(0.9 kb) 



HL1067j 
HL1049b 



0.4-3.2 kb HLl043a 
(1.0 kb) 



0.4-3.4 kb HU1038b 
(0.9 kb) 



0.4S-3.1kb HL1C22b 
(0.86 kb) 



0.5-.3.7kb HL1015b 
(0.9€ kb) 

1.0 lo>4.0 kb HLlOSab 
(1.6 kb) 



0.5-3.8 kb 
(1.1 kO) 

0.5-3.2 kb 
(0.9 kb) 



0.4-^.1 kb 
(0.9 kb) 



HL1045b 
HL 1033a 

HL1033b 



0.8 to>4.0 kb HLl071a 
(1.6 kb) 



1.12 



CLONTECH Laboratories, inc. (415) 424-M22 (inaide CA) 



CLONTECH Libraries 



Liorary 



Hcnan Laukccyts 
3^r.crr.\c 



Veclor Sourca 



Human KIdnsy, Fatal. Xgt1 1 



Fstal kjdnay lissuds from a 
mlxTurg or 2C wq9K anc 24 
weak old fefusds. 



EM8L3 LauJ<oc/i9 ggncmic ONA. 



in Laukocyte, Xgx\t 
Pariprarai Bleed. cDNA 



Peripharal b.'ocd leukocytes 
from aduit fsmale with Aculs 
Prarr.yelccytic Lsukemia, 
HL60. S J. Collins©/ a/., 
Nmtur^ 270: 247 (1 977). 
ATCC^CCL240. 



# of 
Indep. 
Clones 


Insert Si23 

Ranga 
(Avaragg) 


Mumber 


'.7 X 




HL:c7ib 












H-::C5d 


7.2 X 10^ 


O.S3-3.5ka 


HL:02Ca 




(0.33 kb) 





/re 3. .Wumar? Psriphersl Bleed Leukocyte cDNA 
jr/ in Xgtll. Cat Nc. HL10o2b, Saven randcmfy 
selected clear plaques were subjected to analysis 
j:ing r^o Xgtl 1 G^n^mp ^ PCR^* PRI-MA 7f *♦ 
Amplimers (Cat No. 5412-1). 



2 3 4 5 5 



23 

' 3 -J 
7 ~ 

■2. « 

55 



Human Leukocyta, Xqx^^ See abov«. 

^^nphsral Bleed, cONA 



3.4 X 10^ 



'-wrran LsL'kccyre, 

'al Blood, 
-'-Na, 5'.S7RETCH 

Human Leukocyte, 
Peripheral Bleed, 

Human Uver cONA 

- • Liver cDNA 



Human Uver. Fs^ai, 
cONa 



A^tiO Adult maJa peripheral blood i .7 x 
leukocytes. 



Xgtl 1 Adult male peripheral blood 1.8 X 1 0* 
leukccylaa. 

Xgtl 0 Normal aduft liver, ramaie. : 5 x o- 

Afltl 1 Normal adult Ih/er, female, 7 5X10^ 

Xgtl 1 Fetal liver. 1 st thm;ast9r. 2.3X^0^ 
male. 



0.77-3. 6 kb HLiC2Cb 
ko) 

1 2 :o^»4,o :<o hl:c523 



0.3 tc>4.o kc HL:c€2b 
(Tokb) 



0."! 7-2.4 kb 
;C.3kb) 

0.2-3.Ckc 

0.'^2.3kb 
n ; ko) 



HLlCO?b 
HL:0C5b 



:CH Laboratories. Inc. (300) 662-CLON (outside CA) 



1.13 



CLONTECH Libraries 



Library 



Vector 



mRNA 
Source 



Human Liver, Fetal, Xgtl 0 

cONA, 5' -STRETCH 



Human Liver. Fetal. X^tl i 

5'-STRETCH cDNA 



Human Lung cONA X^tl 1 



Human Lung. Xgtn 
5'-STHETCHcDNA 

Human Lung. Fetal. XgtiO 
cDNA. 5'-STHETCH 



Human Lung, Fetal. Xgii 1 
cONA. 5' -STRETCH 



Human Lung Fibroblast i 
cDNA 

Human Lung Small Cell Xgt; 0 

Carcinoma (NCI-H69) 

cONA 

Human Lung Small Cell Xgt1 1 

Carcinoma (NCI-H69) 

cONA 

Human Lung Small Call Xgtl 0 

Carcinoma(NCI-H128) 

cDNA 



Human Lung Small Cell Xgtl 1 
Carcinoma (NCNH1 28) 
cDNA 



Human Lung, wi-3e, Xgti i 
cDNA 



# Of 

Indap. 
Clones 



Liver tissue from 22 week 1.7X10* 
old fetus. Mothers Diood 
type: O^. 

Liver tissue from 22 week 1 .5 X 1 0* 
olO feius. Mother's Blood 
type: O*. 

Normal adult lung tissue. 8.2 X 10* 
•xoieed during surgery. 

Adult lung tissue, including 1 .4 X 10^ 
trachea and bronchioles. 

Fetal lung tissues from a 1 .4 X 1 0* 
mixture of 19 week and 21 
week old fetuses. 

Fetal lung tissues from a i .3 x i o^ 
mixture of 19 week and 21 
week old fetuses. 

Lung fibroblast cell line. 2.2 X 10* 

1MR'90.ATCC#CCL186. 

Lung Small Ceil Carcinoma i .4 X 1 0** 
cell culture. NCI-H69. 

Lung SmaJI Cell Cardnoma 77 X 1 0^ 
ceil culture, NCI-H69. 

From NCI-H 1 2S cell line 1.0X10* 

derived from malignant 

pleural fluid of a QO year old 

Black male, Gazder, era/.. 

Cancer Researcrt, 40: 3502 

(1980). 

From NCI-H 1 28 cell line 1 .3 X 1 0^ 

derived from malignant 

pleural fluid of a 60 year old 

Black male. Gazder, ei a/., 

Cancar Research, 40: 3502 

(1980), 

WI-38 human diploid oell 1 .2 X 1 0® 

line, derived from nomnal 
Caucasian female lung. L 
Hayllick, Exp. Cell Res., 25: 
585(1961). 



Insert Sl2e 

Rango Catalog 
(Average) Number 

1.2 to>4.0 kD HLl064a 
(1.7 W» 

1.2 to>4.0 kb HL1064b 
(1.6 Wb) 

0.25-3.1 Vb HL1004b 
(1.2 to) 

0.9 to>4.0 kb HL 1066b 
(1.5 kb) 

0.6 T0>4.0 kb HL1072a 
(1.5 kb) 

O.e to>4.0 kb HLl072b 
(1.6 kb) 



0.«.0lrt3 
(1.3 kb) 

0.6-3.6 kb 
(0.93 kb) 

0.4-2.8 kD 
(1.0 kb) 

0.3-3-5 kb 
(0.85 kb) 



HLIOnb 



HLl012a 



HU10l2b 



HLlOSOa 



0.3-3.7 kb HLl030b 
(0.92 kb) 



OM.Skb HL10410 
(1.1 kb) 



1.14 



CLOKTECH Laboratories, Inc. (415) 424-8222 (\r\%\at CA) 



CLONTECH U brari^q 



mRNA 
Vector Source 



# of 
Indep. 
Clones 



Insert Sl28 

Range Catalog 
(Average) Number 



HuTxan Lymphoc/te 
c£)NA 



lurran Mammary Gland 
-'oma cDNA 



r^-^rr.an Monocyte. 
Penpneral 8!ood. cDNA 

Human Monocyte, 
Peripnaral Biood. 
cCNA.LPS-activated 

• • '^ocyte, 
3!ood. 
L.'^S-activated 

Human Monocyte. 



« Monocyt9. 
w'-937. cONA 



Human Monocyte, 
U-937.CONA 

Hunan Monocyte, 
PM A activated 



Human Monocyte, 

U-937,PMA activated 
cDNA 



Xgtl 0 Near con/iuent flaji cells. B 
lymphocyte*. Pulverraft. 
Lancet 1:238(1964). 
ATCC^CCLBS. 

See Human Breast. 

Xgtl 1 Near confluent melanoma 
A2058cells. 

Xgn ^ 90% human penpherai 
blood monocytes. 

A511 0 90% human peripheral 
blood monocytac, 
LPS-activaied. 

Xgt1 1 90% human peripheral 
blood monocytoc, 
LPS-activa:ed. 

IgtlO THP-l monocytes from 1 
year old mala with Acute 
Monocytic leukemia. Int. J. 
Cancer, 26: 171 (1980). 
Cancer Research, 42: 1530 
(1082). ATCC« T1B202. 

^oti 0 U-937 cultured ceils actively 
growing prior to poly(A)* 
RNA isolation. 

Xgt1l See above. 



Xgtl 0 U-937 cells treated witn 
50ng/ml Phorfaolmyristate 
acetate (PMA) for 3.5 days 
to achieve monocyte-like 
stage. 

Xgtl 1 U-937 ceils treated with 
SOngyml Phorbolmyristate 
acetate (PMA) for 3.3 days 
to achieve monccyte-like 
stage. 



1.5X10^ 



7.1X10^ 
1 .2 X 1 0^ 
1.34X 

1.3X10* 

1.4X10^ 



1.5 X 10** 



1.2X10^ 



1.4X 10" 



12X10^ 



0.25-<3.2kb HL1002a 
(0.87 kb) 



0.6-4.0 kb 
(1.4 kb) 

0.5-3. 4kb 
(1.1 kb) 

0.4-3.5 kb 
(1.2 kb) 



0.5-3.7 kb 
(1.0 kb) 

0.S5-3.0kb 
(0.97 kb) 



0.4-3.4 kb 
(0.95 kb) 



0.3-3.7 kb 
(0.95 kb) 

0.5-3.8kb 

(1.1 kb) 



HLl023b 
HLiOSSb 
HL:05Ca 

HLIOSCb 

HLl021a 



HL 1029a 



HLlC29b 



HLl035a 



1. 0-3.9 kb HLlC36b 
(1.3 kb) 



CLONTECH Libraries 



Library 

Human Multiple 
Myeloma cOna 



Human Neuroblastoma 
cONA 

Human Osteosarcoma 
cONA 



Human Ovary cDNA 



mRNA 
Vector Source 

Xflti 1 Bona man-ow obtained from 
a femaje witn Multiple 
Myeloma, IM9. Ann.N.Y. 
Acaa.Scl., 190:221 (1972). 
^A/>»S71:84(1974). J. 
Biol. Chem.. 249: 1661 
(1974). ATCC*CCL159. 

Xgt 1 0 Neuroblastoma cell line 
Kelly. 



# Of 

Indep. 
Clones 

2.2 X 10^ 



Xgn 1 Osteosarcoma ceil culture. 
MG-63. Antimicfob. Ag. 
Chamolher., 12: n (ig??), 
ATCC#CRL1427 

>flt1 0 Normal ovary from 31 year 
010 Caucasian. 



Human Ovary cDNA Xgtl 1 See above. 



1.05X10^ 

i.exio* 

1.8X10^ 
1.5X10^ 



Human Pancreas cONA 

Human Pancroas cDNA 

Human Pancreat/c 
Carcinoma cDNA 



1 Adult male pancreatic tissue. 1 .4 X 10* 
SWAJ.2 Adult mal«pancrMtictiMu«. 1.7X10* 

XgtiO Pancreatic cell line HS766T. i.ixio* 
Pef : J. Natl. Canearlnst 
56:843 (1976). ATCC# 
HT3134. 



Human Pancreatic 
Carcinoma cDNA 

Human Peripheral 
Blood Leukocyte cONA 

Human Peripheral 
Blood Monocyte cONA 

Human Pituitary cDNA 



^t11 See above. 



See Human Leukocyte. 
Peripheral Blood cDNA. 

See Human Monocyte, 
Peripheral Blood. 

Ifltl 0 Tissue derived from a 
female with a 

gonadotropin-producing 
adenoma. 



1.2X10* 



Human Pituitary cONA i^i i See above. 



1.5X10* 



1.7X10* 



Insert Size 

Range 
(Average) 

0.52-3.5 Kb 
(1.1 Kb) 



Catalog 
Number 

HLl027b 



0.4-3.4 kb 
(1.3 kb) 

0.35-3.0 kb 
(0.97 kb) 



0.6-4.0kb 
(1.2 kb) 

O.S-i.Okb 
(1.4 kb) 

0.6-3.8 kb 
(1.2 kb) 

0.6-3.5 kb 
(I.Okb) 

0.5-3.4 kb 
(i.0kb) 



0.5-3.4 kb 
(1.0 kb) 



0.6-4.0 kb 
(1.2 kb) 



0.5^.8 kb 
(1.2 kb) 



HL1007a 
MLlOICb 

HL 1098a 
HL109eb 
HL 1069b 
HLl069h 
HLl057a 

HLl057b 



HL 1096a 



HLl096b 



Utr. 



■■ Hunan Pituitary cONA 



Victor Source 




IfltiO Tissue darivBd from a 
Jamal* with a growth 

nofmone-prcducing 
adenoma. 



#Of 

'ndep. 
Clones 




1.4X10' 



H,./ran Pituitary cONA Xgtl l Se« above. 



-nta cONA 

Woman Placenta cONA 
5-STRETCH 

Human Prostate cONA 
state cDNA 
Human flet/na cONA 
Human Retina cONa 
Human Skin Fibroblast 

"tjman Skin Fibroblast 
cONA 

Human Spleen cDNA 



Human Spleen cDNA 

•-•uman Spleen. CML 
cONA 

Hurran Stomach cONa 
S -STRCTCM 



luman Stomach cONA. 

Human Submaxillary 
Gland cONA 



P'acentaJ tissue. 34 weeks 
old. 

^11 Placental tissue. 30 weeks 

oid. 

^tlO Normal 65 year Old prostate 
tissues. 

^tn Normal 65 year old prostate 
tissues. 

^tlO Aouitr»tina. 
^tl1 Adult retina. 

^«10 Cultured Primary fibroblasts 
from a young male. 

^t1l Cultured primary fibroblasts 
from a youno male. 

AfltIO Normal 25 year oW male 
spleen. 

A5t11 Normal 25 year Old male 
spleen. 

^11 Spleen of 8 year old female 
witn Chronic Myelogenous 
Leukemia. 

i«ttO Edgeofresectioned 

mid-portion of stomach from 
a 62 year old male with 
stomach cardnoma. 

1 S«o abovo. 

Male gland excised during 
biopsy. ' 



1.3 X 10^ 
T.OX 10* 

2.4X10* 
1.3X10* 

1.62X10* 
1.6X10* 
1.4X10* 
1.4X10* 
1.1X10* 
1.4X10* 
1.3 X 10* 
1.4X10* 



0.6-4,0i<b 
(1.1 ko) 

O.S-3.6kb 
(I.SkbJ 

1.2 to>4.0 kb 
(1.8X0) 

0.0-3.7kb 

(1.2 kb) 

0.5-3.6 kb 
(1.1 kb) 

O.S-3.5kb 
(1.1 kb) 

0.5-3.4kb 
(1.0 kb) 

0.5-3.6kb 
(1.0 kb) 

O.S-^.5kb 
(1.1 kb) 

0.6-3.4kb 
(1.0 kb) 

0-«-3.3kb 
(1.0 kb) 

0.5-3.8kb 
(1.1 W» 



HL 10030 
HL 1075b 
HLlOSia 
HLl05ib 
HL 1053a 
HL 1055b 
HL 1052a 
HL1G32D 
HL 1039a 
HL 1039b 
HLlO40b 



1-4 X to* 0.6to>4.0kb HLl073a 
(1.4 kb) 

^•^XIO* 0.6.><0Hb HLl073b 

'•3X10* 0S-3.2kb HLl053b 
(1.0 kb) 



£!^NIECHLibraries 



Lfbrary 



1. 1 
i.. 



Human T-CeJIcDNA Ag„o 



Human T-Cel.cDNA 3,,^^^^^ 



T-CeHl«ukamicceflline. 

•Juricat, Schneider era/.,//,,. 

^<»^'; 19.621(1977). 

Jfra9'e'a/..PAMS.8a; 
3430(1985). 



Human T-Cell, CEM 
«:0^M. rancfomly-prim^d 
♦ o/igo(d7)-primed 



HumanT-Cel/.CEM 
♦ oligo(dT).primed 



r-Ce(;.HUT-78 
8 ^RETCH, CONA. 
PMA-activated 

Human T-Ceii. PEER 
5 •STRETCH. cONA 

Human T-Cell. 

PHA Stimuiatod. cONA 



Human T-Cell, 

PHA Stimulated. cONA 

Human Test/s CONA 



Xgtll 
igtio 

Afltll 
^t11 



'ymphobJaatoid cell line 
(Poieye/aZ. Cancer is- 522 
(1983).) C./I lino is positive 

torC04.cO5.T9an??r 
and negative for CDi CD3 

COS.DRandTAC. teS; 
5y^J'^^;t^«Propaflaion' 
of HIV. ATCC#CCL 119. 

CCRF-CEMT 
'ymphob/astoid cell fin© 

(1965).) Cell line is positive 
0rCD4.C0S,T9anSTta 
and negative for C0 1 CD-? 

CDa^OflandTACCeS 
Of HIV. ATCC#CCL 119. 



# or 

'ndep. 
Clones 

1.1x10* 



1.1 X 10* 



1.6X10* 



pBlue- 
script^ 



1.0X10* 



Human T<eiJ fine (^.fifp 
M0a. 154:7403(1981, r 

Pos«.efor,L-2.ATCC* 

Hum,n^T^„,eu.en.lcce« 

Concentrated T-Ce/I 

peripheral 
Woodofaheaithyadult. 

PHA stimulated for 4a hours 



'nsen Sl2e 



0.58-3.8 KO 
(1.2 kb) 



HLIOlSb 



See above. 

Norma/ testicle, excised 
Junng surgery from a 
healthy 50 year old. Not 
formonaffy induced 



1.5X10* 

1.8X10* 
1.5X10* 

1.0X10* 
1.0X10* 



1-2 to >4.0 kb HLl063f 
(1.7 Wl) 



io;o>4^0kb HLioaab 



HL.078a 



0.45S3.8kb 
(0.05 hb) 



0.7-3.3 to 
(1.4 kb) 

0.7-3.3kb 
(1.2 kb) 



HLl031a 

WLl03lb 
HLlOlOb 



li 



f. 



1.18 



(Inmidm CA) 



Ubnry 

^^mn ThymocytQ 



^^^"^ Thymus cDNA 
5 -STPETCH 



cDNA. 



>^uman Thyro/'d 
Caranoma cONA 

Human U25t cDN4 
S'-STRETCH 

Huc.,nWi/ms- Tumor 
A 



Swabo... 
"^ilWIv/mo, cells fl. 



^■"Xio* o^jT^ ' — 



I.SXicS 


0.8 fo>4.o kb 
(1 -8 kb) 


WL 1074b 




0.6 to>4.0 kb 
0.5 kbj 


HUQ74h 


6.3X10^ 


0-6^2.7kb 
n.2kb) 


HLlOOSb 


J. 5X10* 


' 0 to>4.0 kb 
(l.a kb) 


HLl077a 


'•3XI0« 


06-a.6kfa 
0-2 kb) 


HLJ044b 



(Cat No. 54in:fj ^P''"^ers 




1.79 



Appendix H 



' Cell. Vti^. ei. 351-359. Apr.l ?0. 1950. Cop/nghl © 



Molecular Cloning and Expression of the 
Human 55 kd Tumor Necrosis Factor Receptor 



Hansruedl Loetscher; YU-Cbing £. Pan,^ 
Hans-Werner Lahm.* Rtlner Gent2«* 
Manfrvd Broekhaus,' Hisahiro Tabuchi/t 
and Werner Leaslauer* 

•Central Research Units 
F. Hoffmann-LaRoche LTD. 
4002 Basel 
Switzerland 

t Department of Protein Biochemistry 

Roche Research Center 

Hoffmann-LaRoche Inc. 

Nuttey, New Jersey 071 10 

i Department of Molecular Genetics 

Nippon Roche Research Center 

Kamakura. Kanagawa 

Japan 



Summary 

Two distinct receptors for tumor necrosis factor (TNF) 
of 55 and 75 kd are expressed at low levels by various 
cells. The 55 kd TNF receptor was purified from HL60 
cells, and partial amino acid sequences were deter- 
mined. Short degenerate sense and antisense oligo- 
nucleotide primers encoding the N- and C-terminal 
ends of a peptide of 22 amino acid residues were used 
to amplify a 66 bp cDNA fragment from HL60 RNA by 
reverse Uanscriptase-polymerase chain reaction. The 
cONA fragment as a probe identified several overlap- 
ping clones in a human placenta cDNA library. The 
open reading frame of the cDNA predicts a 455 amino 
acid TNF receptor protein with leader, extracellular, 
transmembrane, and intracellular domains. When ex- 
pressed in COS-1 cells or in a baculovirus system, the 
cDNA conferred TNF binding properties comparable 
to the native receptor Surprisingly, the 55 kd TNF 
receptor shows a high degree of sequence homology 
to the NGF receptor extracellular domain. 

Introduction 

TNF-a and -(J (or cachectin and lympholoxin. respectively; 
jointly referred to as tumor necrosis factor iTNF]) are two 
cytokines with close functional and evolutionary relation 
(Nedwin et aL. 1985): they compete for the same cellular 
binding sites (Aggarwal et al.. ISSS) and their genes are 
.k>cated in close proximity within the major histocompati- 
bility complex in mouse and in man (Spies et al., 1986; 
Mueller et al.. 1987). TNF was originally characterized as 
a factor with anti-tumor activity (Old, 1985). However, the 
mechanism of tumor necrosis and regression remains 
poorly understooc?. even though TNF has been reported 
to exhibit direct cytoioxfciiy to many cumor cell lines in vitro 
(Matthews and Neale. 1987). 

TNF has been four^d to possess a wide variety of biolog- 
ical activities- It exerts growth enhancing activity in fibro- 



blasts, induces differentiation in human myeloid ceit lines 
(for reviews, see Beutler and Ceraml. 1987; Tracey et al., 
1989), and has a crucial morphogenetic function in the in- 
duction and .maintenance of granutomas in celknediaied 
immunity (Kindler et al., 1989). Vascular endothelial cells 
are an important target for TNF For example, TNF has 
been reported to induce expression of major htstocom- 
patibility HLA-A.B antigens or of adhesion-type molecules 
and to influence the morphology and proliferative activity 
of endothelial cell culture (Beutler and Cerami, 1987; £s- 
pevik et al.. 1990). In other instances. TNF functions as 
mediator in immunologic and Inflammatory responses. 
TNF concentrations in serum and cerebrospinal fluid 
correlate with the severity of inflammation in bacterial 
meningitis, with disease severity in malaria, or with mono- 
nuclear cell infiltration in acute phase graft-vs.-host dis- 
ease (tor reviews, see Beutler and Cerami. 1987; Tracey 
et al., 1989). TNF is one of the principal mediators of endo- 
toxin in septic shock (Beutler et al.. 1985: Rothstein and 
Schreibe^ 1988: Mtchie et al., 1988). 

Studies of inlracelluiar signal transduction pathways re- 
vealed that TNF induces proteins that bind to KB-like en- 
hancer elements and thus takes part in the control of NF- 
KB-inducibie genes (Osborn et al.. 1989; Lowenthal et ai.. 
1989; Lenardo and Baltimore. 1989). The anti-viral activity 
of TNF at least in part is mediated by the interaction of NF- 
kB with a virus-inducible element in the P-interferon gene 
(Visvanathan and Goodbourn, 1989; Goldfeld and Mania- 
tis. 1989). By an analogous mechanism. TNF appears to 
activate human immunodeficiency virus type I (Folks et 
al., 1989; Duh et al., 1989). 

TNF-a in the crystal is packed in the form of a trimer of 
17 kd monomeric units, and it is assumed that the trimer 
is the biologically active species (Hakoshima aruJ Tomita, 
1988; Sck et al.. 1988; Jones et al.. 1989). It cannot be ex- 
cluded that a potential trivalency of the ligand. depending 
upon the surface density and lateral motility of receptors 
on various target cells, differenliaily affects receptor micro- 
ciustering and thus has profound functtonal significance. 
In addition to the secreted 17 i<d form, a 26 kd membrane- 
bound form of TNF Is expressed in monocytes (Kriegler 
et el., 1988). It may function in intercellular contact or in 
paracrine fashion after postlransiaiional cleavage, result- 
ing in the secretion of the 17 kd form. 

The biological response to TNF is mediated by specific 
cell surface receptors. Several groups have reported 
studies on TNF receptors (Aggan*val et al., 1985; Creasy 
et al., 1987; Hirano et al., 1989; Hohmann et al.. 1989; Kull 
et al.. 1985; Niitsu et al., 1988; Smith and Baglioni. 1989; 
Tsujimoto el al., 1985). In TNF binding studies a single 
class of cell surface binding sites with a in the pM 
range was identified on practically all of the cells ana- 
lyzed. By cross-linking ^l-TNF to the cell surface and 
33&-PAGE. however, two or evon moro band© &p©cif*»- 
cally binding TNF were detected (Kull et al.. 1985; Creasy 
et al., 19ff/; Stauber et aJ.. 1988; Hohmann et al., 1989; 
Smith and Baglioni. 1989). Furthermore, soluble TNF 
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Figure 1. Partial Amino Acid Sequence of the 55 kd TNF Receptof artd Gel ETectrophoretic Analysis of the PCR Products 

(A) Line 1: Soqj«nc« o^ the first 28 amino acids of thv purified 55 kd TNF receptor. Residue 15 could r>ol be asigned by p/otein sequencing but 
was assumed to be cysteine. Line 2: Location and sequences of the sense and antisense primer mixtures. The primers were used for first-strand 
cDNA synthesis and PCR. Line 3: Nucleotide sequences of ten individual cONAs cloned in pUClQ from the 78 bp band (see B). Line 4: Nucleotide 
sequence of the 55 kd TNF receptor cONA in the region of the 28 N-terminal amino acrds. 

(B) The product of the PCR amplification, starling from first-strand HL60 cONA and using the sense and antisense primers defined in {A), fine 2, 
was electrophoresed through a 12% nondenaluring pdyacrylamide ge! and stained with ethidium bromide. The ONA of the 78 bp lower band «vas 
doned in pUCl9. and the nucleotide sequence of ten clones was determined (see A, line 3). 



binding and inhibiting protein(s) of about 30 kd in human 
serum and urine were discovered (Seckinger et al.. 1989; 
Olsson et aL. 1989; Engelmann et al.. 1989). Recently, an- 
other molecule, called Fas antigen, was described that 
does not bind TNF by itself but appears to be associated 
with TNF receptors and may play a role in signal transduc- 
tion (YDnehara et al., 1989). In view of these complexities 
it is obvious that the various molecules involved heed to 
be analyzed, preferably in cloning and transfection stud- 
ies, to gain insight into their functional significance In the 
TNF/TNF receptor system. 

In our previous work we have identified two cell surface 
molecules of 55 and 75 kd apparent molecular mass that 
specifically bind TNF-a and -0 with high affinity (Brock- 
haus et al.. 1990; Hohmann et al., 1969). Specific mono- 
clonal antibodies were raised to the purified molecules 
and were found to react exclusively with either the 55 or 
75 kd molecule The 55 kd molecule was found to be a 
functional TNF receptor, because snti-SS Kd TNF receptor 
monoclonal antibodies elicited agonistic biotogica! re- 
sponses (Espevik et aJ, , 1990). Here ws report the molecu- 
lar cloning and expression of the 55 kd TNF receptor and 
its relationship to the NGF receptor. 

Results 

Isolation of cONAs Encoding the 
55 lad TNF Receptor 

The important steps in the isolation of 55 kd TNF receptor 
cONA clones from a human placenta Xgtll cONA library 
are outlined in Figure 1. The 55 kd TNF receptor protein 
was purified by combined ligand- and immunoaffinity 
chromatography and reverse-phase HPLC from a HL60 
cell lysate (Loetscher et al., unpublished data). The se- 
quence of the first 28 N -terminal amino acids (and of Inter- 
nal peptides; see below) was determined by protein se- 
quencing as snown in Figure 1A. Fully degenerate primer 
otioonucleotides wre svnthesized that encode amino 



acids 17-23 (antisense primer) and 2-7 (sense primer) ac- 
cording to Figure 1A. Hexanudeotides containing the 
EcoRI and Sad endonuclease recognitk)n sequences, 
respectively, were added to the 5' ends of the primer oligo- 
nucleotides. Total RNA was purified from HL60 cells, and 
first-strand cONA was generated with reverse transcrip- 
tase, using the antisense oligonucleotide mixture as pri- 
mer. Finally, the cONA fragment encoding amino acid resi- 
dues 2-23 was amplified in a polymerase chain reaction 
(PGR) using the combined sense and antisense primers 
and the first-strand HL60 cDNA. 

The PCR product was analyzed on a native polyacryl- 
amide gel and was shown to yield two sharp bands with 
the lower band running at the expected size of 78 bp (Fig- 
ure IB). This latter fragment was ckmed into pUCl9 by the 
attached restr;ctk>n sites, and ten ctones were sequenced. 
The sequence of the reg.k)n between the two primer oligo- 
nucleotides was found to be invariant and to encode the 
correct amino acid sequence. In contrast, quite a number 
of different primers were used in the PCR (Figure 1 A). The 
78 bp cONA fragment was used as a probe, and it led to 
the isolation of one clone containing the complete open 
reading frame and of four partial clones from the human 
placenta cDNA library. 

The Predicted 55 kd TNF Receptor Is a 
Transmembrane Protein 

The sequence of the 55 kd TNF receptor cONA is shown 
in Figure 2A. The predicted amino acid sequence reveals 
a number of interestif>g features. The complete sequence 
consists of 455 amino acid residues with typical hydropho- 
bic putative leader and transmembrane sequences as pre- 
dicted by hydrophiticity analysts (Deve^eux Qt a) , 1984). 
The single 21 amino acid transmembrane region sepa- 
rates an N-terminal, presumably extracetlularly located 
domain of 182 amino acids including 24 cysteines, three 
potential N-linked glycosytation sites, and a C-terminal do- 
main f\i PP^ rAjurliiAfi 
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-les CMTTa»coocpcrrTc*ACATa«rrcQc*ocACcc^^ 

-125 CCCTCAACTCTCACCCCAACOCACrTOMAOmXTO^^ 
-65 CCAOCACTCtXSCTOOOJCACTGCCCTQ^rCCJWW^^ 

"■50 MetG: yI^S crThgV«lPrtA3pUuUuI^uProLeuValLeul.cuC:uUu 

-S TCTCCCATGCOCC XTCtA CCC I U X'T CA CCTOCiX ^C lt ^ t U. T L CTGCTCCTCtaf.CTr. 

. 

-10 UuV«IGlyri«TyrProS«rt;iyVaiiieGlyLctiValProHi3L«uClyX5pArqG:u 

55 TTCCTCGCA^TACACCCCTCACCOCrrTATTCiUC^^ 

10 tyaAr9AspS«rVr^^f»ProGlnClyLysTyrIlefllsProClnA3nA3A5erneCys 

1 1 5 AAGAG^GATA£rGTt^rCTOCCaUGCAWU(TATA^CC»CCC^ 

30 CysThrLysC>-sHULysGiymrTyrUyrryrJUnA»pCyiProC:.yPco01yCin^ 

50 ThrAjj)Cy*Xr9CXijCy3SluS«rClySerfh«ThEAlASerCliJksnttisUiiArgHU 

235 ACCcacTQCAGSsiwrrcTfucACff erj If f I n ^iT*7^TT^^^a^?^AAi:T:ft^'LTC^c^c^ 

70 Cy5UuS«rCysS«rlysrysAr9Ly*Cl-i(ecC 1 yGlnVaidui: eSex S«rCysTh^ 

295 TCCCTCAr^r-r-rrAA^'wy^-AA ^» -rrfCACrTCaiCJLT t : IC rT C Tf CCXCU 

93 VaiX5pArgAs?Tr^/aiCysCiyCyaAj9Lyasr.GlnTyrAr9H*3r/rTrpSerGlu 

1 10 AsnL*uP.-ieClrC:/sPheAsni:y3S«rLeyCy$LAuASJiGlyThrV«iKi»ieuSerCvs 

415 AAccrrrxcAiiTOcn ' 
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CInCiuLy»C:rA$nTt*ValCy3ThrCy3HisAl*GlyPJ»«ehe>^jAr9G:uAsnGlL 
CKr.f:At':ftft»rfcr;a»r>cccTCTCCACCTcee\TccA u :rTi c ?i jl iaacagawicgag 

Cy sval Se rCy sSecAsrCysLy sty4SerLeuC:uCysTftrLy«UuCy 5 LeuProCln 
t^. TCCTS : ACTA>CrCTMCAAAA<»CTCC»CTCaMrQWCrr<m»rSA^^ 

170 IleCluAjnValLysCI vThrCluAsaStfrtlvThrThr tfAi ^.P^r^rv^ ) t ^ p 
595 ATTCACAATCTTAAi»CCACTG>kCGACTO^GGCA^^ 

. C£i i-i IGCTCrrTCSCCrrTTATCCC I lUiLi im rraGTTTAATGlATCCCrACCAACCG 

210 TipLysSfcrLys Le-jtyrSer lleValCysGlyLysSar^hrProGlutyACIuGlyGlu 
' 1 3 TCCAACTCCSACCTCTACTCCATTGT rTCTUCCWkATCGACACCTCAAAAAGASGGCCAG 

*' ■ 

230 l*uCl'jClyThr^,rTbrLyiProl*uAlAProAinProS«rPheSerProT^ 
CTTCAACCAACTACTACTAAUXCCTGOCCCCJW^CCrAAta^ 

250 PheThrProThr:.e\jGly?f*SerProvaiproSerSerThrPh«ThrSerSerSe^ 
833 TTCACt:a:ilACC;rr3GCCTTC*i; :VCU*TUXXAmCCACCTTCACCTCCACCTCCACC 

270 TyrThr?roGlyA5pCysProAsr#heUaAlaPioAfqArgCluvaiA:«Pto^ 

895 TATAOCCU-UUTGACTCTCCCAACTl ^XUiLUtCC3CAGAGAGC?CCCACCACCCTXT 

290 ClnClyAidAspProIleLeuAIaTftrAULe-jAlaSerAspPrDllePrcAsnProUu 

953 CAGC»X;C7G?CCa>TCCrXCGACAGCCCTCCCC?CC^ 

310 GlnLysTrpGluAspScrAlaHisLysPrcGinSerLeuAspThrAspAspProAIaThr 

1015 CAGAAGTGGGAGGACACCGCCCACAAGCCACAGAGCCTAGACACTGATGftCCCCGC^ 



Rgurt ^ Th« 55 kd INF RecftptOf Nud«ottda 
and Predicted Amino Add Sequences, end 
Schemitic ntpresertation of the 55 ted INF 
Receptor cONA Clone 

(A) Amino edd numbering starts et the amirw 
terminus Leu(^l); nucleotide numbering starts 
tt the initiation codon. Amino ecids 1-28 end 
223-235 were also identified by sequencing 
the otirified receptor protein. Residues 2CS- 
209 are in agreement with the rereptor protein 
purified from human placenta (Loetscher et rf.. 
i«>puti6shed data). The putettve transmembrm 
region is underlined. Rotential N-&nked gfyco- 
sytabon sites are in^ted by asterisks. For the 
cysteine residue pattern, see Figure 6. 

(B) Hybridiaiion probes A (Sma!-Smai en- 
donuctease^ot cDNA fragmeni), 8 (HindNi- 
EcoRi endcnuciease^ul cONA fragmeni), and 
C (EcoR^-EcoRI endonucfease<ut cONA frag- 
ment) are irtdicated. The coding region of the 
cONA is booted and the putative leader (L), ex- 
iraceiJutar (EC), transmembrane (TM), inlracel- 
lutar OO, and nontranslated (5'-ri. S'-ni) re- 
gions are tndicaied. 



350 GlyLeuSerAspHisGluIleAspArgLeuCluLeuGlftAsnGlyArgCysLeuArgGlu 
1135 GGGCTGAGCGACCACGAGATCGATCGGtrrGGAGCTGCAGAACGGGC^^ 

070 AiaGInTVrSerMetleuAlaThrTrpArgArsArgTtirFroArgArgGX'jMaThrLeu 
1195 GCCCAATACAGCATtKrTCGCGACrTGGAGGCGGCGCACGCC^^ 

390 GluLeuteuGiyArg'/alLeuArgAspMetAspLeuLeuGlyCys:*uGiuAspIleGlu 
1 2 5S GAGCTGCTGCCyiCOCXrrCCTCCCCGAC/.TCC\CC?CC^^ 

410 

1315 
1375 

las 

1495 
1555 
1515 
1675 
1735 
1795 
1855 
1915 



GlvtAIaLeuCysGlyProAlaAlaLeuProPioAlaProSerLeriLeuAra 

G^GGCGCTTTOCGOOXCGCCGCCCTCCCOCCCXKZSCCCJCTC^^ 

GCCCCTGCGGGCAGCTCTAAGGAaGTCCTtXGAO^tcaXTTCCAACC^ 

'^^(iAW^CGAGGCXTOrTGCAOGGGCAACCAGGAGCTAGCAGCCGCCT 

CCCTCGATGTACATAGCTTTTCTOtfXrrGOCTGCGCGCCGCCa^ 

CGCGGAGACACGTGOXCCTGGGCnCAAGACCCTGAiGTGGGTGCTrrCCGA^ 

ACGCTATGCCTCATCCXCGTrrTGGCTGTCCTCACCACCAATOCTCCTCC 

CTOGTCCCTGACCCTTTTTCACAGTGCArAAOy^GTTnTTTTGTrrTTGTT^ 

GTTTTGTTrTTAAATCMTCATGTTACACTAATAGAAACTTGOCACTantiTOCCC^^ 

CCTGGAC>A<5CACATAGCAAGCTGAACTGTCCTAAGGCAGGGGC6AGCAC<»WIC^ 

<5CCCTTCACCTGGACCTCTGGACrrTTGTACATACACTA^ 

AACccc3u^rrc 
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Tigure 3 Genomic Southern 8!ot Analysis 
Genorric ONA purified *rom HL60 cells was digested with resificticn 
endonudeases Oar>e i, £coRi: lane 2. HindilJ; lane 3. SamHI; lane 4. 
BamHl ^ EcoRl: lane S, Bamni 4 Hindlit; lane 6, Sspl; lane 7, Stui: 
!ane a Apal; tane a Seal Mindlll; tane ia StuI + Hindi ilX electro- 
phoresed through an agarose gel. and iransfe^ed to a nytcn filter 
menpbrane. The filter was hybridized witn probe 6 defined in Figure 26 
as described in Experimental Prccedures. 



The reading frame in the C-terminal dorrain i^as con- 
firmed by the sequence of an interna! tryptic peptide 
fragment Ser(222>Thr-Pro-Gli^Lys-G!ii-Glv^lu-Le'j-GlLh 
GlyThr-ThrThr-Lys. An independent confirmation was pro- 
vided by the sequer>ce cf a cyanogen bromide fragment 
of the 55 kd TNF receptor purified frorr> human pfacenta 
starting with Tyr(205}-ArgTyr-Gln-Arg (Loetscher et al., un- 
published data). Interestingly, the soluble TNF Inhibitory 
protein from human serum and urine described by several 
other investigators {Seckinger et al., 1989; Olsson et aj.. 
1989; Engelmann et al., 1989) appears to be a soluble 
form of the 55 kd TNP receptor, because the 18-20 N-ter- 
minal amino acids described for the inhibitor are identical 
to a sequence of the 55 kd TNF receptor starting at aspar- 
tic acid(l2). 

A 29 amino acid leader sequence precedes the leucine 
identified by protein sequencing as amino terminus of the 
isolated mature protein Ieucine(+1}; this predicts a signal 
peptide cleavage site that ot>eys the (-3, -1) rule (von 
Heijne, 1988). and thus leucine(+i) may represent the true 
^Merminus of the mature protein molecule. A more thor- 
ough analysis of a weight matrix of eukaryotic signal se- 
quences, taking into account residues -13 to -fl, reveals, 
however, a potentially more likely cleavage site at the 
Gly(-9}-lle(-8) peptide bond (von Heijne. 1986). 

An unusual feature of the 55 kd TNF receptor sequence 
is the very high cysteine content in the extracellular domain 
(24 cysteines in a total of 182 residues). This explains why 
the tigand binding to the 55 kd TNF receptor is highly sen- 
sitive to reducing agents (Loetscher et al., unpublished 
data) and supports the hypothesis that the N-terminal se- 
quence is the tigand binding and therefore extracellular 
domain. The high proline content of the receptor (34 resi- 
dues) is another unusual feature expected from the results 
of amifK) acid composition analysis. 



Figure A. Korthem Slot Anaiysis of Total RNA Purified from Varou* 
Celt Lines 

(A) RNA (12 iig per lane) was stsctrophoresed through a formatdehyde- 
contatning agarose gel and transferred to a nylon filter membrane. The 
filter was hybridized to prot>e B defined in Figure 2& 

(B) The same filter used in (A) was rehybrtdired after stripping to an 
actin prose as described in Experimental rVocedures. 



The 55 kd TNF Receptor Gene is Unique 
Genomic Southern biots of HL60 ONA were hybridized 
with the cDNA probes A. B, and C defined in Figure 28, 
which are located up- and dowrtstream of the internal 
EcoRI site, respeaively (see Figure 3 for hybridization 
with probe B; data for probes A and C are not shown). The 
two probes 6 and C identified two different bands in the 
EcoRI digest, whereas both probes identified the same 
bands in the BamHl. Hindlll. Sspl, StuI, and Apal digests. 
Probe 8 hybridized with one additional band in HirxlUI 
digests, which is readily explained by a t-iindlll restriction 
site In an intron located oetv;een the Hindlll and EcoRI 
sites of the cDNA clone. Similarly, probe C hybridized with 
one additional band in Apal digests as a consequence of 
the Apal site in the 3' nontranslated region of the cONA 
clone. Probes A ar>d B hybridized '.o (he same bar>ds in 
the EcoRI, BamHl, and Apal digests. In Hindlll digests, 
probe A identified a band of the same size as one that hy- 
bridized to probe B, b Jt not to probe C. In Sspl and Stul 
digests, probe A hybridized with bands that were different 
from ti^iose identified by both probes 9 and C. The struc- 
ture of the 55 kd TNF receptor gene must be investigated 
in a more detailed analysis of genomic DNA; however, it 
appears h^m the present data that a single gene with at 
least three exons codes for the 55 kd TNF receptor. 

The 55 kd TNF Receptor Is Expressed In HLSO, 
U937, AG1523. and HEp2 Cells, 
but Not in Rajl Cells 

The pattern of 55 kd TNF receptor expression in HL60. 
U937. HEp2, AG1523, and Raji cells was studied by North- 
ern blot analysis (Rgure 4). A single mRNA species W3a 
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Figure SL TNF &ndmg and Scatchard AnaJy- 
sift of COS-1 Celt 1>an$fecuntB 

(A) TNf oimttng. Monotayors of COS-i ceils 
transftctad with the U kb EcoRI-EcoRl 55 kd 
TNF receptor cONA as described in Ex peri* 
mtnlal Procedures and rwntransfected COS-t 
ceQs In parallel were incubated wtth various 
cofvceniraUofts cK ^^lUf-a tor 2 hr at 4»C ar»d 
assayed tor binding. Black squares, trar^fect- 
ed COS ce0$; open squares, nontransfected 
control. 

(B) Scatchard analysis of the bindir^ data. 



identified in HL60, U937. HEp2. and A91523 cells, where- 
as Raji cells appeared to be practically devoid of 55 kd 
TNF receptor mRNA, These findings are in agreement 
with results of Western blot and flow cytometry studies 
using an anti-55 kd TNF receptor monoclonal antibody 
where HL6a U937, and HEp2 cells were clearly receptor 
positive, whereas no antigen was detected in Raji cells 
(Brockhaus el al.. 1990). All three cDNA fragments (probes 
A, B. and C defined in Figu'-e 28) hybridized to the same 
band on the Northern biot. No evidence for the existence 
of a second mRNA species was obtained with probe A, 
which is specific for both the 55 Kd TNF receptor and the 
TNF inhibitor sequences (Seckinger et al.. 1969; Olsson 
et al.. 1989: Engelmann et al., 1989). 

Transfection and Expression of the 55 kd TNF 
Receptor cONA Confers TNF 
Binding Activity 

To establish that the 55 kc TNF receptor cDNA carries the 
complete minimum information required to confer specif ic 
TNF binding to a recipient cell, two independent expres- 
sion systems were investigated. First, the 1.3 kb EcoRI- 
EcoRi fragment (Figure 2B) was cloned in a modified 
pXF3i/ori vector, which contains the human cytomegalovi- 
rus immediate-early promoter and SV40ori (Cullen. 1966). 
This construct was transfected into COS-1 cells (Gluzman, 
1981) using lipofeclin. and transient expression was mea- 
sured (Feigner et al.. 1987). Specific ^25i.TNF binding to 
the surface of the transfected ceils was analyzed alter 
3 days in culture in the absence and presence of a 500- 
fold excess of cold TNF The binding data and Scatchard 
analysis are presented in Figure 5. The of atx>ut 0.5 
nM determined with the COS cell transfectants is com- 
parable to the Kd of the native 55 kd TNF receptor as it is 
expressed almost exclusively on H£p2 cells (Hohmann et 
al., 1989). The endogenous TNF binding sites of COS 
cells have affinities comparable to those of the human 
55 kd TNF receptor type. Furthermore, it was found that 
a monoclonal antibody, htr-9 (Brockhaus et al., 1990). di- 
rected to the human 55 kd TNF receptor extraceHular do- 
main inhibits TNF binding to the endogenous COS cell 
receptor almost completely. We assume, therefore, that 
the predominant endogenous COS cell TNF receptor is 
the homolog of the human 55 kd TNF receptor. Immuno- 



fluorescence studies using the anti-55 kd TNF receptor 
antibody (see at)ove) show that the relatively low degree 
of expression of the 1.3 kb EcoRl-EcoRI fragment recep- 
tor construct is due to the fact that the ^^st-jNF binding 
measured in the assay (Figure 5) results from a small 
number of strongly positive transfectants. whereas the 
vast majority of cells is practically not stained. 

Second, the 55 kd TNF receptor expression was in- 
vestigated in a baculovirus expression system. The 1.3 kb 
EcoRI-EcoRI fragment was cloned in a modified pVL941 
piasmid under the control of the polyhedrin promoter and 
introduced into the AcNP virus by homologous recom- 
bination (Luckow and Summers. 1988). When Sf9 cells 
were infected with the virus construct a highly significant 
and specific cell surface TNF binding was observed (see 
Table 1). 

The 55 Id TNF Receptor and the NGF Receptor 
Have Highly Similar Extracellular Domains 

A highly significant sequence similarity of the 55 kd TNF 
receptor with the nen/e growth factor (NGF) receptor 
(Johnson et al.. 1986; Radeke et al.. 1987) was found: The 
alignment of both receptor sequences scored 13.6 stan- 
dard deviations above the random score with the Mutation 
Data Matrix (Dayhoff et at.. 1979). The similarity is most 
striking in the extracellular domains, where a block of 46 
amino acids containing six regularly spaced cysteines is 
repealed four times in the two receptors (Figure 6). With 
suitable gapping, these domains containing 24 cysteines 
can be aligned, yielding 58 identities out of 169 possible 
matches (34% identity). 



Tat>ie 1 . TNF Binding wttti srs Ceas infected wim the 
55 kd TNF Receptor cDNA AcNP Virus Construct 



Cefls 



Specific '2S(-TNF Bound 
per 1 X 10^ Cells* 



Noninfecied Cells (Control) 
Infected CeBs* 



60 cpm 

1600 s 330 cpm 



* Virus construct, infAcUon, and bindirtg assay as described in Ev- 

perimentai Procedures. 

^ Average and 50 of four experiments. 
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FiflurB a Homology between the 55 ktf TNF Receptor and the NGF Receptor 

(A) and (B) Four homoJogoua cystoine-fich repeating elements in the exiracelluiar domains of ine 55 W TNF receptor and the NGF receptor are 
shown (Johnson et ai.. 1986; Radeke et ai.. 19S7). (A) 55 kd TNF receptor Q: residues 14.53; M: 54-96; III; 97-137; IV: 13S-166). (B) Human NGF 
receptor (I: residues 4-36; II: 39-79; III: 81-118; N: 121-160) (Johnson e! el.. 1986). 
(C) Schematic comparison of the 55 W TNF receptor and NGF receptor eirtracellular domain sequences. 



Discussion 

Our strategy for the molecular cloning of the 55 kd TNF 
receptor relied to a large extent on PCR technology (Saiki 
et at.. 1985). Despite its low abundancy, suf ficiept protein 
was purified to allow for the determination of 28 N-termlnal 
and 15 internal amino acid residues. In preliminary experi- 
ments, the more conventional cloning approach using rel- 
atively short, fully degenerate or longer best-guess oligo- 
nucleotides as probes to screen cONA libraries hac 
proven technically difficult. An improved hybridization 
probe, therefore, was generated by PCR with degenerate 
primers and employed to identify the correct cONA clone. 
A similar approach was used previously for the cloning of 
another, significantly more abundant gene (Lee et af.. 
19B8). 

The 55 kd TNF receptor has the typical structure of a 
membrane-spanning protein with a single transmenv 
brane region separating intra- and extracellular domains. 
The calculated molecular mass of the mature protein is 
47.5 kd. Because the purified receptor migrates with an 
apparent nK>Iecular mass of 55 kd on SDS-PAGE^ post- 
translational modifications, most likely glycosylalions. 
must account for the difference. Deglycosylation by N-gly- 
canase treatrnent has been found to reduce the apparent 
molecular mass of the mature receptor by 5-10 kd (Hoh- 
mann et al.. 1989; Loetscher et al.. unpublished data), and 
therefore one or the other of the N-finkod glycosylation 
sites appears to be utilized. 

Recently, several lymphokine receptors, such as the 
erythropoietin receptor or the P chain of the IL-2» IL-4, and 
IL-6 receptors, have been shown to share extensive se- 
quence homologies and to form a new interleukin receptor 
gene family (O'Andrea et al., 1989: Mosley et al.. 1989: 



Yamasaki et al.. 1988). A distinctive element of this family 
is the Trp-Ser-X-Trp-Ser sequence motif found in the ex- 
tracellular domain adjacent to the transmembrane region. 
The 55 kd TNF receptor lacks this motif and does not be- 
long to this receptor family: rather, it is homologous in se- 
quence to the NGF receptor, the sequence similarity be- 
ing strongest in the extracellular domain, and belongs to 
the NGF/EGF/LDL receptor family 

In view of the potent bioactivity of TNF, a TNF inhibitor 
could have an important physiological role. The signifi- 
cance of the recently discovered TNF inhibitor peptide of 
human serum and urine (Olsson et al., 1989; Seckinger 
et al., 1989; Engelmann ^ al, 1989) is not yet understood, 
but it might function as a TNF sink. Our finding that the 
first 20 amino acids of the inhibitor match the 55 I'd TNF 
receptor sequence starting at residue 12 of the mature 
receptor leaves little doubt that the inhibitor is a soluble 
fragment of the receptor molecule, probably containing 
most of the extracellular domain. Soluble forms of other 
lymphokine receptors, such as the IL-2 receptor a chain, 
were reported previously (Rubin et al., 1985). and a spe- 
cific mRNA encoding a soluble IL-4 receptor has been 
identified (Mosley et al., 1989). The genomic Southern 
blot analysis of the 55 kd TNF receptor provides no evi- 
dence for the existence of a distinct second gene that 
might encode the inhibitor. Furthermore, no evidence for 
the existence of a shorter mRNA species potentially en- 
coding the inhibitor and created, e.g.. by differential splic- 
ing, was found by Northern bk>t analysis of various cell 
lines. A spocific TNF inhibitor mRNA. however, might be 
the result of a tissue-specific splicing event and thus need 
not be detected with the cell lines used in the present 
study It is therefore possible that the TNF inhibitor is en- 
coded by a tissue-specific differentially spliced transcript. 
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It seems more likely, however, that it is created 6y proteo- 
lytic processing ol the receptor molecule. With regard to 
the latter possibility, the findirig of two amino termini, i.e.. 
Ieucine(+1) in the receptor and aspartic acid(12) in the in- 
hibitor (Seckinger et al,. 1989; Oisson et a)., 1989; Engel- 
mann et ai., 1989). and of a potential third signal peptide 
cleavage site predicted by sequence comparison, isoleu- 
cine(-8). Is intriguing. It cannot be excluded that a pri- 
mary translation product undergoes esctensive posttrans- 
lational processing, which leads to the mature receptor 
ar>d inhibitor molecules. 

Several cell surface receptors have been found to con- 
sist of two or more peptide chains: for example, the IL-2 
receptor system comprises at least a ^ and an inducible 
a chain, which function individually or as a complex 
(Haiekeyama et ai.. 1989). The TNF receptor system is no 
exception in this context: at present it comprises the 55 kd 
and 75 kd TNF binding molecules and the so-called Fas 
antigen (Yonehara el al.. 1989). The 55 kb molecule, 
moiecularly characterized in this study, is able to bind TNF 
and. upon binding of a specific amilxxJy. to elicit biological 
responses in sensitive cells (Espevik et al.. 1990). The 
availability of the 5S kd TNF receptor cDNA will altow in- 
vestigation of TNF function and signal transduction in a 
more precise way than previously possible; it will also al- 
low assessment of the roles of the 75 kd TNF binding pro- 
tein and of other, potentially associated chains- 
Experimental Procedurea 
Cell Lines and Growth CondHIona 

The human cell lines HL60 (ATCC COL 240). U937 (ATCC CRL 1593). 
HEp2 (ATCC CCL 23). and Raji (ATCC CCL 86) and the derma! fibro- 
blast line AG-1523 (Canr^Jen CeU Depository) ware grown in RPMi 1540 
or Oulbecco's modified Eagle's medium (OMEW) supplemented with 
10*yfa horse or inactivaied fetal calf serum. COS-i ceus (ATCC CRL 
1650) were maimained in DMEM with 10% inactivated FCS. Sf9 insect 
cells (ATCC CRL 171 1) were cultii/ated as descrtbed (LdCtow and Sum- 
mers. 1988). 

Reagents 

Recombinant human TNF=hi purified from Eschertchia coli was a gift 
from Drs. W. Hunziker. E. Hochuli, and a W>pf (HoHmann-URoche 
Ua, BaseO- TNF-a was radtotodlnaied with Na (IMS40 Ame'- 
sham) and lodo^Sen (Pierce) to 03-1 jO x 10^ cpm/mg as described 
(Fraicer and Speck, i978). Synlhelic oligonucteotides were purchased 
from convnercial sources. 

Purification and Se<iuencing off the 55 kd 
TNF Receptor Protein 

The 55 M TNF receptor protein was purified to apparent homogeneity 
from HL60 cells by combined ligand- and in-.monoaffinily chromatogra- 
phy followed by reverse-phase HPUC on a Pharmacia ProRPC 5/2 
column (Loetscher el al.. unpubUahod data). Specific TNF binding ac- 
tivity of the purified protein was demonstrated in a aolid phase assay 
(ligand bloi). Brieffy. protein* were separated by nonredtdng SOS- 
PAGE and then electrophorellcafly transferred to a P>/OF membrane 
(MatsudaJra, 1987; Towbin et al.. 1979). The membrane was blocked 
with ^% defatted mdk powder and incuboted with 5 .ig/ml t»l-TNF^ 
in the presence and absence of &0 ug/ml unlabeled TNF o. TNF bind- 
ing was detected by autoradiography. 

An aliquot of the NPLC-purified receptor protein was subjected to 
automated Edman degradation, and the first 28 amino acids were de- 
termined. AddUionai sequence information waa ofaCained altar reduc- 
tion and S<arboxym0thyfation of the pfotein (Jones. 1986). followed by 
cyanogen bromide cleavage (Tarr. 1886) and su&saquent trypsin diges- 
tion in 200 mM NH«HC03 CpH aO) (1% estinnated moter raik) trypsin. 



added twicer 16 hr intervals at 37^). The respiting peptide fragments 
were separated by reverse-phase HPtX on a Browniee Aquapore RP 
300 column (100 k 2.1 mm) and subieeted to N-terminal sequence 
analysis on an Applied Biosystems 475A protein sequencer with on- 
rme PTH-emino add analyzer (Hewick el ai.. 1981). 

To ana^ similarities with other known sequences, sequence li- 
brary searches and alignments were performed using the combined 
(SenBank. National Biomedical Research Foundation. European Mo- 
lecular Biology t-aboraiory; Protein Research Foundation, and Swias- 
Prot data bases; computer'programs were oouined from the Genetics 
Computer Group, the National Biomedical Research Foundation, and 
Hoffman^URoche (Dayhoff et al., 1979: Devereux et al., 1984; Pear- 
•on and Lipman, 1968). 

Polymerase Cha^n Reaction 

First-strand cONA was synthesized with total R^4A purified from HL60 
cells and a cONA synthesis kit (Amersham) according to the instruc* 
tions of the manufacturer, except that the degenerate antisense oligo- 
nudeolide mixture (Figure tA) was used as primer tor the reverse tran- 
scriptase. First-strand HL60 cONA sn a mixture wHh the sense arnJ 
antisense primer oiigonudeotioes (Figure 1A) was subjected to PCR 
using a CeUs GeneAmp kit and a Per^tin-Elmer Thermocycler The 
conditions were modified such that the primer concentrations were 
partia-ly corrected for the level of their degeneracy. The PCR was run 
for 25 cycles (30 s al 94*C; 90 s al 55«C; 90 s al 72^). An aiiquol of 
the reaction was elcctropnoresed through a I2**t nonoenaiuring poly- 
acrytamida gel. bands were visualized by ethidium bromide staining 
and excised, and tfw ONA waa recovered by electrophofetic transfer 
onto OEAE-celluicse paper as descrtied (Maniatia et ai.. 1982). To de- 
termine the nucleotide sequences, the PCR-enrtpliried cONA frag- 
ments were Cloned in pUC19 vector, lb obtain a screening probe the 
78 bp fragment was labeled by PCR using 10 mM (q-»PIcCTP in- 
stead of 200 mM dCTP in the amplif^iion reaction. 

cONA Library and Plaque Screening 

A human placenta cONA library Itgatad into Xgti1 vector was pur. 
Chased from Ctontech {\S> x 10^ independent denes, IB kb average 
insert size). The amplified library was ptated. and duplicate plaque lift 
filters (GeneScreen Plus) were prepared according to standard pro- 
tocols (Maniatie et al.. 1982; Ausubel m ai.. 1989): The filters were hy- 
bridized » the denatured 78 bp cDNA probe {^P-labeled by PCR) 
and washed as recommended by the manufacturer Filters were ex- 
posed to X-Omat AR5 film with Cronex Li-PkiS enhancer screen at 
-70<*C owemight. Double pos/tive clones were plaque purified, and the 
insert DNA was cloned in pUC and Ml3mp vectors according to stan- 
dard protocols (Ausubel et al.. 1989). DNA sequencing was performed 
with a Sequenase sequencing kit (US Biochemical). 

Blot Transfer and Hybridization Procoeoto 

Cor Nonhem blot analysis, total RNA purified from various cell lines 
was electrophoresed through 1jO% agarose gels containing formalde- 
hyde as described (Mantatis et al.. 1982). After electrophoresis gets 
were biotted by capHlary transfer in lOx SSC to Zeta-Probe nylon 
membranes (BioRad). Southern blot analysis was performed by alka- 
line blottng ONA separated on agarose gds to Zeta-Probe nylon mem- 
branes as recommended by the manufacturer. cONA probes were 
either labeled by random priming (DNA ;abeling kit; Boehringer Mann- 
heim) cr by PCR. Hybridizatton, washir>g. and stripping of the Zeta- 
Probe membranes was carried out in SOS buffer according to the in- 
structions of the manufacturer. Tne final high stringency wash was in 
40 mM NaHjPO*. 1 mM EOTA. 1% SOS at 65*C performed twice for 
30 mtr. 

Cell Transfection, Expression, and Cellular Binding Assaye 
For transient C0S1 cell transfections (Giuzman, 1981). the i J kb 
EcoRl-EooRl fragment of the 55 kd '^f receptor cONA was cloned 
in a modified pXF3A>ri vector (Cullen. ".gse), which coniains the human 
cytomegalovirus immediate-early piomoier and SMO ori, and the con- 
struct at ^A \iQfm\ DNA was introduced into COG-1 cells by lipolectln- 
induced transfection (Feigner et al.. 1967). After 2-3 days in culture the 
celts were detached with EOTA (Giboo) and tested tor ^l-TNF-a bind- 
ing. The ceQs were washed, resuspended at 2M x 10^ cells/ml, and 
incubated with various concentrations of ^'^tTNF-a In the absence 
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and prw«nca of • SOCMold mesa of coW JHF-a for 2 hr « 4^ TTm 
bound rtdtoactfvfty wm counted in a t countsr Nonspecific bincfing 
was suttracM. Scatchvd snaty*)* ^f*^ performed by the tigand al- 
gorithm (coifftesy or R J. Munson). 

For ttm btculovifua expfwston lystem the U »cb EcoRJ-EcoRI frag- 
mtrt was doned in a modified (VL941 ptasmid under the control of the 
polytMdrin promofer and introduced Into the AcNP virus homolo- 
gous fKombinatton (Luckow and Sumntefs. 1988). Sf9 msect ctOs 
(ATCC CRL tri 1) were infected, and after 3 days m culture the specific 
CflO surtact TNF-a binding was measured. The Sf9 cetia were washed 
from the culture dish with a Pasteur pipet resuspended at 5 x 10* 
eetamit m StS medium comalnirig lO ng/mi «*rtW-a (n the abserwe 
ar^ presence ol 5 ug/mJ unlabeled TNF«. and incubated lor 2 hr on 
toe^ Tl« cetta were washed with Sf9 medium, and the bound radioact)^ 
tty MS counted in a y counter. 
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Summary 

A human tumor necrosis factor (TNF) binding protein 
from serum of cancer patients was purified to ho- 
mogeneity and partially sequenced. Synthetic ONA 
probes based on amino acid sequence information 
were used to isolate cONA clones encoding a receptor 
for TNF. The TNF receptor (TNF-R) is a 415 amino acid 
polypeptide with a single membrane-spanning region. 
The extracellular eysteine-rich domain of the TNF-R is 
homologous to the nerve growth factor receptor and 
the B cell activation protein BpSO. Human embryonic 
kidney cells transfected with a TNF-R expression vec 
lor specifically bind both '"l-labeled and blotinylated 
TNF-a. Unlabeled TNF-o andTNF-p were equally ef- 
fective at displacing the binding of labeled TNF-a to 
TNF-fl expressing cells. Northern analysis indicates a 
single species of mRNA for the TNF-R in a variety of 
cell types. Therefore, the soluble TNF binding protein 
found in human serum is probably proteolytlcallv de- 
rived from the TNF-R. 

Introduction 

Tumor necrosis factor-alpha (TNF-a) is a multipotenf 
cytokine produced mainly by activated macophages. 
TNF-a was originally identified as a tumoricidal protein ef- 
fecting hemorrhagic necrosis of transplanted solid tumors 
in mice (Carswell et al.. 1975) but has since been impli- 
cated in diverse biologic processes including inflamma- 
tion and immunoregulation. antiviral defense, endotoxic 
shock, cachexia, angiogenesis. and mitogenesis (Goed- 
del et al.. 1986; Beutler and Cerami, 1988; Old. 1988) The 
related cytokine lymphotoxin (TNF-P) is synthesized by ac- 
tivated lymphocytes and shares many of the biological ac- 
tivities ol TNF-a (Goeddel et a!.. 1S86). 

The mechanisms through which the TNFs mediate their 
multiple aetivitfes are largely '.nknown, but like .-nosl poly- 
peptide hormones, binding to specific cell surface recep- 
tors is an initial event. Stable irimers comprised of identi- 
cal TNF-a polypeptides of 17.350 daltons bind to sites on 
a variety of cell types, with dissoniafinn rnn.ia».. /u- . 



ranging from 1.3 x iQ-s m to 71 x lO-» M (Aggarwal et 
al.. 1985: Kull et al.. 1985; Tsujimoto et al., 1985; Baglioni 
!L^'J^^' W^'""^''* «tal., 1986; Tsujimoto and Vileck 
1987; Stauber et al., 1988; Hohmann et al., 1989- Ding at 
a ., 1989). While most investigators report a single class 
of cell surface binding sites, others report the presence of 
both high (K, . 2.6 X 10-'3M)andlow(K, = is x lO-'" 
M) affinity sites on the same cell (Imamura et al 1987) 
TNF-a and TNF^a have been shown to compete for bind- 
ing to the same receptor on the human cervical carcinoma 
cell line ME-180 (Agganval et al.. 1985) and the histiocytic 
tymphoma cell line U.937 (Stauber and Aggarwal 1989) 
Estimates of the size of the TNF receptor (TNF-R) deter- 
mined by affinity labeling studies range from 54 to 175 kd 
?Jo^y^^ ^- S^uberet al., 1988; Hohmann et al., 
1989; Smith and Baglioni, 1989). A recent report suggests 
the existence ol two major receptor types for TNF-a; a my- 
eloid cell type receptor with a of 71 x 10-"' M and an 
epithelial cell type receptor with a of 3.2 x io-"> m 
1 hese two receptor types differ in size, glycosylation, and 
in their peptide maps (Hohmann et al., 1989) 

!n addition to the cell surface receptors for TNFs sev- 
eral groups have identified soluble proteins in human 
iirine(Peetreetal.. 1988; Seckingeretal.. 1988, 1989- En- 
gelmann et ai.. 1989. 1990) and in the serum of numan 
cancer patients (Gatanaga et al.. 1990) capable of specifi- 
cally binding TNFs. In one instance two immunologically 
distinct TNF binding proteins (TNF 8Ps) were isolated 
from human urine (Engelmann et a!.. 1990). Antibodies 
raised against those two proteins (TBP I and T8P II) had 
an inhibitory effect on the binding of TNF-a to its cell sur- 
face receptor, suggesting a structural similarity between 
the celt surface TNF-ri and the soluble TBPs. 

Soluble cytokine binding proteins in biological fluids 
have been shown in some cases to represent "shed" forms 
of cell surface cytokine receptors (Rubin et al. 1985- No- 
vick et al., 1989; Zupan et al.. 1989). To ascertain whether 
this was the ease for the TNF-R, »e purified a soluble TNF 
SP from human serum and isolated a corresponding 
cDNA by molecular cloning. This cDNA encodes a cell 
surface receptor for TNF that can presumably be pro- 
cessed to yield a soluble TNF BR 

Results 

Purification and Characterization of TNF BP 

A protein thai inhibits the activity of both TNF-a and TNF-0 
has been detected in the serum of cancer patients but not 
healthy individuals (Gstanaga ef al.. 1990). This protein 
was purified by TNF-a affinity chramatography. Proteins 
eluted from the TNF^i affinity column were separated by 
reverse^Jhase HPLC, and several residues of iM-terminal 
amino add sequence were determined for each. Only one 
sequence was obtained. DSV(C/H)POGKYIH, that did not 
correspond to a known serum protein. This protein with 
an^apparent M, of 28.000. showed N-terminal sequence 
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son et al., 1989; Engelmann et al.. 1989. 1990). To obtain 

lunrHT^'c P^P'-'^^S. the HPLC- 
purified TNF BP was subject to proteolysis using lysine C 
in the presence of SDS and the resulting proteolytic frag- 
mente were separated. The sequences of the two major 
elutmg peaks were determined: GTYLYNOCPGFQODENE 
'or PF I and EMGOVEiSSCTVDNOTVCG for PF 11. 

CDNA Clontrjfl and Charactwiatfon Reveal 
a Receptor Structure 

ILTJI! H ' ^ synthesized based on the 

amino acid sequence of PF I and PF II. using human 

IZVI^aT ''''' 

f,«r,». '^'^"^^ "'^'^^ P'««ntal tissue and 
from the promyelocytic cell line HL-60. Several positive 
clones were obtained from txxh libraries. The DNA se- 

from the HL^O library. The composite sequence con- 
tained a single long open reading frame. The sequence 
Of a 2^1 Kb CDNA from the piacerrtai iibrary was also deJer 
mined and found to overlap the combined sequences of 
the HL-60 Clones. The placental cDNA clone contains all 
Of the presumed coding region as well as some of the 5' 
Hi 71 '^"^ '^""^Posite nucieolide se- 

quence 0 the cDNAs and the deducea' amino acid se- 
quence of the predicted protean is shown in Figure 1A 
Tnere are three nucleotide differences betwe-n the pla- 
centa, and HL.60 Clones (A at nucleotide position 75 in the 
placen^l vs. G m the HL-60, G vs. A at position 219, and 
LTnA °' ^"''^'^ results in an 

^Tl Jl '^^"'"9 nucleotide position 

182 and terminating at nucleotide position 1545 

The encoded protein exhibits a predicted domain struc- 
Hj^e typical of a cell surface receptor: the hydropathy pro- 
He indicates a signal peptide at the beginning of the pro- 
Z lol'^tT ^o^ain in the middle 

mlf rc « "'^'"'^''^ intracellular do- 

mains (Figure IB). The 11 amino acids designated *i 

s ':r? -"'^ acids 0 rso;. 

ble Tf^F BP isolated from serum. Therefore, we assigned 
Asp+1 as the N-terminal residue, although i is no known 

ecule ,s the same as the N-terminus of the soluble form 
^ir.'^^'y- -10 are largely hy 

hough the precise cleavage point is not know., the Gly 

proteolytic processing at the basic Lys (-2)-Aro (-11 
dipeptide. Residues ^1 through 172 probably consti ute 
LT"""f. "•"'^^'"^'^^ ciomainrwio, 2'4^;ei^e 
S^^rfr' r'""" ^-y^osylationTAsn-X 
Ser/Thr) at residues 14. 105, and m. m addition to the 

•dentity to the N-terminal sequenceofsolublcTi^F BP this 

f„"w PC .? ■^'^"'"'''^ ' (residues 24-41) 

^c rZl ^'^T^' ""-"^^ ^ ^-^^^ acid hydropho- 
bic egion ,n the middle of the molecule, which is flanked 
on its amino-terminal side by Thr 171 and ont 2h.1 



(ermmal side by Arg 195, is characteristic of a transmem- 
brane-spanning domain. The putative cytoplasmic do- 
main would be comprised of the remaining 220 amino 

TN^r'** ^♦""""'ar Domain 

ilcred r''"^ extracellular domain of the pre- 

dicted TNF-R protein, 24 of the 171 total amino acids ar!. 
cy^nesandthespacingofthecysteinerdu^^^^^^^^^^^ 
odic in contrast, the remaining 265 residues contain Sn 1 

ST. ""^^'^ °' '"^^^ regions using , he 

SJ '^''S^"*' patterns of homology 

ne extracellular domain sequence reveals il can be rouoh- 
^ divided into four related subdomains (Figure Tb) ?Sis 

anc^strc"";? '"^^"^"^ 'duplication events Of an 
oncestral subdomain in the evolution of the TNF-R. 

TNF-R Is Related to Nerve Growth Factor Receotor 
and ,he B Cell Activation Molecule BpSO 

Cysteme-rich repeats have been detected in the extracel- 
ular domains of the EGF precursor and EGF recepto 
Doolittleetal..l984:Ullricheta...i984)andLDLS^^ 
(Yamamo.0 et al . 1984,. but the TNF-R sequencers 
no .gn,f,cant amino ac.d homologies with these moS 
cules^ However, cysteine-rich extracellular domains have 

(NGF-R) (Johnson et al.. 1986, and the B lymphocyte acti 

-jnlion molecule BpSO (COW40) (Stamenkovic eta' 198?" 
These molecules have significant homology to the'TN^R 

cules Share a similar set of cystelne-rich subdomains On 
^mal alignment of the sequences for the extraceS "ar d" 
mains of TNF-R. NGF-fl. and Bp50 shows the c ose 
conservation of the cysteine residues and an overlll lln 

TNFR and 8p50 in 167 residues (Figure 3). No significant 
homology ,s seen In the transmembrane or intracSa 
domains of these molecules 'mraceiiuiar 



oTSJ.^Vef''*'''''''""^''^"'^^^^'^ 
A panel of human cells and tissues was examined for th« 
presence of TNF-R mRNA. Figure 4A showT exnrlcl 
of TNF-n mRMA u snows expression 

or iNKR mRNA in human term placenta and adult liver 

c^n^ ""T '''''' "^8436. the nomumori 

gen^ transformed breast epithelial cell line HBLIO) the 

cvtornvi.? ' '"^ sensitive to TNF 

c iS a^:!'^^^^^ TNI^resistam 
IZT.! ' carcinoma, AS4g lung carcinoma) 

ure Ib° '=='^'"0"'a) a" exhibir TNF-R mRNA (Rg. 

The increased expression of TNF-Rs on colls after t«.;>, 
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1 cr^ 4ly ijm '.ht s, o j.u 

: »n CTT TCT cc;: aaa re: aca :ct caa 

JiJ Jii i?? ii- ji: :^ - - - - |[: .« 
?=: :s jij jij - - ^ .„ ^ 

?« ;« ;j; iH ?u ?i? s;? s ??; jis ^i; IL- :a - 
JJ: ?c ;ij Jij si4 j:; sj.- i;; :s; - ^ fj: - 
k; «j i« is ill ^^iiiiiui z Si? irj ji: - lil is j;; - - 
5« Jii nl i;? - - - - ... 

2iJ lii is :2 li: ;a is i:^ is j:; - is 
■s?i«JJ?s:j=ii?Hiiii:;:sis-:2:;i::2-i^:.^j^ 

(la Xht Im aJu !«, i,^ -.^ . , 

cc CCC .c. - ^ - - - - - - - y j~ 

lii ;j:c° ii: 21: Ji; -H i;? ^' ;i! .--o .*^° p.-. ... ... 

WW occ CTT TCC CCC CCC CCC ;CC CTC CCC CCC CCC CCC ACT CTT CTC 

41) 

-CA *^^<^«"^CCCCCCACCTCTMCGAearCVTCC£AC»TeCCCTTCCAACCCaiCnmTCTCCAAAC 
CACCCCTCCTCC»«CC*ACCACCACCTACCA=CCC=CTACr7CCTa:rA*CCCCTCCATCTAC.TACCnTTCTCA 

c«cccTccccan.xcccAc»(^c*cn:cTCTcrccccaAacAa^:ccccr^^^^ 

CTrTCCCACC*:CACCCACCCTA7CCCrCATCCCCCTTTTC«m:TCCTCACC*CCAAr^CTCCTC=CCCCCCCCrCC 
TTCCTCCCTCACCCTrrTTCACACTCCATAACCAOTTTTTTTCTTTTTCrnTCTTTTCtmirTTTTTMATCA^ 
CATCTTAC.CT«T*SAAACrTC=CACTCCTCTt:CCCTrTCCrTCCAO«ttAC*rACCAACCTGU«:TCTCfTMCC 
CACCCCCCACCACC=AACAAT«CCCCtTCACCTCCACCn^«ACTTTTCTACAT.C«TAAAATTCTCAACTTA 
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(AJ Composite nucleotide and deduced amino acid seouence of TNF R 
cONA. Amino acds are namoered in the sequence. The corrposite of 
HL-60 Clones begins at the first nucleotide and ends at nucfeotide 1607 
(T). The placental clone begins at nucleotide 67 ( • ) and er^cs at the 
-ast nucleotrde. Three nucleotide differences at positions 75 217, and 
1342 are noted, with the top nucleotide representing that to jnd in the 
placental clone and the bonom representing the HL-60 sequence 
Aspartic acid (Asp) is the iniiiaj residue in the N-terminal sequence ob^ 
tamed from native TNF BP in human serum and Is labeled as position 
1. Ammo acds -40 to - 1 comprise presumed signal peptide and pro- 
leolyticaliy p.-ocossed N-terminal residues. Overfines represent three 
potential N-ltn.ked glycos>latlon sites {residues 14. 105. ar-d 111) The 
predicted rransmemb;ane region (residues 172-T94) is boxed 
(S) Hydropathy prcfiic of protein sequence in (A). 



-P. we treated A549 cells with these cytokines for 24 hr 
prior to harvest of the mRNA. Levels of TNF-q mRNA are 
relatfvely constant after treatment with these cytokines 
alone or in combination (Figure 4C). Thus, if interferon^ 
or TNF regulation of receptor does occur in A549 cells it 
does not appear to be transcriptional or ii is mediated 



through another class of receptor. We do not know whether 
TNF-R mRNA is affected by these cytokines in other ceil 
types. 

TNF-R message was also found in several hematopoi- 
et!c cell lines. The cultured T cell lines CEM. HSB. and 
HuT 78, the functional 
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Figure 2. iniernai Repeats in the TNF-fl 

^ lines ai 4S» an 



erythrotGukemia line K562 have a single detectable spe- 
cies of TNF-R mRNA (data not shown,. The cultured 8 cell 
..ne RPMM78a but not the EBV-transfonned B cell lines 
JY. LB, and BOC. have INF-Fl mRNA (dau not shown) 
Unmduced U.937 cells were found to have relatively high 
evels of TNF-R „iRna. and uninduced HL-60 cells con 
tamed markedly less (data not shown). Thus, message for 
the Cloned TNf^R seems widely though not ubiquitously 
expressed. In all cells that express tSf^r. a singiS 
c.es Of mRNA of about 3.0 kb is detected. This sJggesi 



mat the cDNA clones we obtained do not represent com- 
Piete cop,es of the TNF-R mRNA; some nucleotide se- 
quences in the untranslated regions are missing. 

Transfection and Expression of the Human 
TNF-R cONA 

The 2.1 kb placental cDNA clone was inserted into the 

nuZ h"" P"'^^- ^^'^ <=DNA starts a! 

nucleotide posmon 64 (Figure lA). with the initiating me 
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Figure a Homofogy in the Exiraceliular Do- 
mains of NGF-fl. TNF.R, and 8p50 
Optimized alignment of the proeein sequence 
of the extracellular domains of NGF-R TNF-R 

TJjf ^'"^ 
duCTd to optimize matches. Jdenilcaf amino 
acidB are boxed. Cysteine residues not con- 
sewd among al/ three sequences are circled 
Residues are numbered in relation to tneir po-* 
anion m TNF-R. ^ 
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Figure 4 Northern Blot Analysis cl TNF-R mflNA 
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Ihion.ne 1 18 bp downstream (posilion 182. Figure 1A1 The 
CDNA IS under the transcriptional control of the cytomega- 
^virus imrnediaie-eariy promoter and is followed by the 
SV40 termination and pdyadenylation signals. The TSA 
20 cell iine. a subclone of the human embryonic kidney 
cell line 29.3s (Graham « al.. 1977). which constiiulively 
expresses large T antigen, was selected for transient trans- 
fection experiments because of its high Iransfection effi- 
ciency and low numbers of endogenous TNF-Rs Follow- 
'ng transfection with the TNF-R expression construct 
eel s were tested for the ability (0 bind specifically eithe,- 
biotinylated or '»|.labeled TNF-o. 

An increase in the relative capacity of pRK-TNF-R-trans- 
fected cells to bind biotinylated TNF-a can be seen using 

!!!?Tc?r"''''*^ (PACS). Mock-trans 

lected TSA 201 cells display a low level of binding of bi- 
otmylated TNF-a. presumably to endogenous receptors 
(Figures SA and SB). The tevete of TNF-a binding are sub- 
stantially increased on cells transfected with the TNF-R 
construct, as shown by the shift to the right of the fluores- 
cence histogram (Figure 5F). The intensity of fluorescent 
staining is reduced to background levels in both popula- 
S^n t!,^ ^-'^ nonbiolinylaled 

ITZTl i SH). demonstrat- 

ing that the observed binding is specific 

A saturation isotherm tor the specific binding of '»|. 
TNF-a was performed by sequential dilution of the spe- 



cific activity of the radioligand with unlabeled TNF-a at 
concentrations ranging from 67 pM to 33 m (Figure 6A) 
The specific binding of 'JSLTNF-a is saturable, and the 
Scatchard analysis of these data using nonlinear least- 
squa.'ed regression reveals two binding sites (p <005- 
Figure 6A. inset) with high (K^ = O.S6 nM) and low (K^ =' 
19.6 nM) affinity. The number of binding sites for these two 
receptor subtypes on the transiently expressing TSA 201 

f;^l'TMc"l°'°°° ^"'^ respectively, 
•l-TNF-a binding to mock-transfected control cells was 
at least 10-fold lower than pRK-TNF-R-transfecfed cells 
suggesting low numbers of endogenous receptors In- 
creasing concentrations of unlabeled TNF-p cause a 
dose-dependent decrease in specific '»l-TNF-a binding 
in a manner very similar to that that seen with unlabeled 
TNF-a (Figure 6B). This suggests that the TNF-R ex- 
pressed on the transfected cells recognizes TNF-a and 
TNF-p with approximately equal affinity. 

Olscussion 

The data presented here describe the cloning and expres- 
sion of a receptor for human TNF-a and -p. The deduced 
ammo acid sequence of the TNF-R reveals a structure typ- 
ical of cell surface receptors for polypeptides: it contains 
a signal peptide and extracellular, transmembrane, and in- 
tracellular regions. There is a siqnilicart dearee of hnmoi. 
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Figure 5. FACS Analysis of pRK-TNF-RTrans- 
fected TSA 201 Cells 

The left column contains histograms from 
mock pflK5-uans»ected cells; (he right column 
contains histograms from pRK.TNF-R-trans- 
fecied cells. Ceils were stained with PE-con- 
jugaifld streptavidln a»er pre treatment wtih or 
without bioiinyiatea TNF-a {b-INF-a). (A) and 

(E) , PE-streptavidin without t>-TNF.a; (B) and 

(F) . PE-streptavioin plus WMF-a: (C) and (G). 
preincubation oi the cefls with a s-foid excess 
of unlabeled Tnf-o priof to staining with PE- 
streptavidin plus WNF^; fO) and (G). prein* 
cubation with a 2-fold excess of unlabeled TNF- 
P prior to staining with PE-slreptavidin plus 



ogy between the TNF-R and the NGF-R, as well as the B 
lymphocyte actrvation molecuJe Bp60, suggesting that 
they comprise a family of related growth factor receptors. 
The four 40 amino acid repeats ot the extracellular por- 
tions of these receptors may form relatively independent 
folded subdomains, each tightly cross-linked by disulfide 
bonds. Because these cysteine-fich domains form virtu- 
ally all of the extracellular portion of the TNF-R. it is likely 
thai they contain the ligand binding siie{s). although it is 
not immediately dear how the biologically active TNF 
trimer binds the receptor. In this regard it is interesting to 
note that the net change of the extracellular domain of the 
TNF-R is positive, while that of its ligand is negative. The 
converse is true for NGF-R and its ligand. where the ex- 
tracellular domain is strongly acidic and the ligand is ba- 
sic. This would suggest that electrostatic attractions play 
an important role in the interactions of these related recep- 
tor molecules with their respective ligands. One possibil- 
ity is that the cysteine repeat unrts form a general struc- 
tural framework that, depending upon specific amino acid 
substitutions, could be varied to accommodate a variety 
of ligands. 

The mechanisms of signal transduction by TNF and its 
receptor are obscure. The intracellular domain, though 
large enough to possess an enzymatic activity or to inter- 
act witn other proteins that may mediate signal transduc- 
tion, has no apparent sequence homology with any pro- 
teins in the available data bases. The cytoplasmic domain 
is rich in serine, threonine, and tyrosine but shows no ho- 
moloQv to the catalvtir Hnmnin 



ine/threonine-specific protein kinases. However, there is 
sequence similarity to the canonical phosphorylation 
sites (Ser/Thr-X-ArgyLys) that can be acted upon by protein 
kinase C (Woodget et aL. 1986) at amino acid positions 
223. 366, and 371. Also present are a potential cyclic 
nucleotide-dependenl protein kinase phosphorylation site 
at amino acid 368 (Feramisco et al.. 1980) and a con- 
sensus tyrosine kinase phosphorylation site at residue 
354 (Patchinsky et al., 1982). The binding of TNF to its 
receptor has been shown to increase both GTP binding 
and GTPase activity in HL'60 membrane preparations, 
leading to the suggestion that a GTP binding protein might 
couple TNF-induced signaling to biological effects (fm- 
amura et al., 1988). However, the TNF-R has no homology 
to other receptors that are known to interact with G pro- 
teins. 

Internalization of the native TNF-R in the absence of 
ligand has been shown (Smith et al.. 1990; Ding et al., 

1989) and shown to occur more rapidly in the presence of 
ligand (Smith el al., 1990; Imamura et al.. 1987). While a 
majority of reports indicates the degradation of receptor 
after internalization (Watanabe et al.. 1988; Smith et al., 

1990) , one suggests that the receptor is continuously recy- 
cled (Vuk-Pavlovic and Kovach, 1989). These differences 
could represent ceil type-specific differences or differ- 
ences in processing for distinct types of TNF-R. Regions 
of the intracellular domain of the cloned TNF-R reported 
here are extremely rich in proline, glutamic acid, serine, 
and threonine. The presence of these so-called PEST se- 
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Figure 6. Binding Chafacterislics o( Recombinanl human TNF-R Ex- 
pressed in TSA 201 Cells 

(A) Saluration isotherm ot specific binding of 'SSf-labeled INF-o oi 

V ! '"5®«"'9 afnounls of unlabeled TNF.«. and the 

^he ^« ' T'-'^'-" ^' ^^'-^ concentration 

ilui^ I'^^f ''"'^ Scatchard analysis Th„, 

results were from a single experiment that had been repeated three 

.mes w.th either triplicate or duplicate determinations 

"k*""T binding of 



ar protein degradation (Rogers et al.. 1986). This leads to 
the speculation that the receptor encoded by this gene 
has a high turnover rate in its native state This speculation 
ts consistent with our observations that A549 cells have 
relatively high levels of mRNA tor the TNF-R yet relatively 
low numbers of cell surface receptors (unpublished data) 
II <s not clear that the effector functions of Tfy|F are 
achieved by transduction of a signal via the receptor after 
l>9and binding. A direct intracellufar role for TNF in cyto- 
toxicry has been proposed based o.i TNF microinjection 
exper.n,ents (Smith et al.. 1990). although using other eel! 
lines we have not been able to demonstrate activity for 
m,crom,ected TNF (D. Pennica and D. V. G.. unpublishS 
data). If internalization of the ligand is the important step 



in the biochemical action of TNF. the receptor may play no 
more a role than transporting TNF to the inside ol the cell 

TtZ'-II^ """""'^'^^ against solu: 

ble TNF BPS will cross-react with cell surface molecules 
and act as TNF agonists suggests that TNF-R signal in- 
duction can occur without internalization of the TNF (En- 
gelmann et al., 1990). • 

Shedding the extracellular domain of the TNF-R might 
be used as a protective mechanism by cells to avoid the 
cyiotoxic effects of TNF The presence of soluble ^ BP 

l!l^f*'r.°' P^"*"'* may represent a mecha- 
nism by Which tumors evade host anti-tumor defenses by 
modulating systemic levels of TNF. Soluble forms of the 

Phoid cells (Rubm et al.. 1985), and its levels are found in- 

IZ't 1 1?""" (Warcon et al.. 

1988). Soluble receptors for lL-6 and IFN-y have recenily 
been detected in human urine (Novick et al., 1989) solu- 
ble truncated forms of the NGF receptor have been seen 
in human urine and amniotic fluid (Zupan et al.. 1989) and 
a cDNA that encodes a soluble form of murine IL-4 has 

TcHT^!^ ^"""'"^ ^^"^ P^«^a'«"« of 

such soluble receptors suggests a normal regulatory role 
for these molecules. Their moae ol action could be to limit 
he amount of available cytokine by binding it in solution 
thus preventing the cytokine from reaching its cell surface 
target TBP ,. the soluble TNF-BP that shares N-termfna 
homology to the TNF-R reported here, binds TNF-« with 
greater affinity than TNF-D (Engelmann et a(.. 1990) Our 
studies show that TNI^R binds TNF-a and -p with approxi- 
mately equal affinities. This suggests that solubilization of 
the extracellular domain of the receptor may induce a 
Change ,n the relative affinities of the binding component 
for TNF-a and TNF-0. 

Most if fiot all mammalian cells appear to have recep- 
tors for TNF However, the number of TNF-Rs per cell is 
rela^vely low In the 5' untranslated region of TNF-R 
mRNA two Short open reading frames are seen, one of 43 
codons and one of 3 codons. Such short open reading 
^mes are not uncommon in growth factor receptor RNAs 

?Jrlp 'IV ^' °' '"^'"9 ''^'"e in the 

GM-CSF R (Geanng et al., 1989), the human IL-fi R 

loTf'^"' '"^ "--1 R (Sims et al 

1S88). and the human IL-2 R (Nikaido et al,. 1984' Hatek- 
eyama et al.. 1989). It has been postulated that these short 
open reading frames might act. if translated, to dampen 
the translation of the main receptor coding regions (Gear- 
•ng et al.. 1939). Such a mechanism might partly explain 
the low numbers of these receptors, in relation to the lev- 
els ol mRNA, on normal cell types. 

Interpretation of published data from affinity labeling 
cross-lmking studies is made difficult because cross- 
inked ligand is itself resolved into monomers, dimers and 
tnmers by SDS-PAGE, but estimates of the size of cell 
surface TNf^Rs is generally between 55 and 138 kd 

1989). Receptors of considerably larger size, up to 310 kd 
have a so been reported (Smith and Baglioni. 1989). buJ 
^se forms might reflect receptors cross-linked to as- 
sociated regulatory proteins, or even complexes of cross- 
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linked receptors. Association with other proteins or "adap- 
tor subunits" has been shown for other receptors, most 
notably IL-2 R (Teshrgawara at a(.. 1987; Hatekeyama et 
al., 1989) and IL-6 R (V^asaki et al.. 1988). In addition, 
NGF-R is thought to require association with another mol- 
ecule for high-affinity binding of its ligand (Radeke et al.. 
1987). Association with an as yet unknov/n protein may be 
required for the TNF-fl reported here to bind ligand with 
high affinity. One possible explanation for the two binding 
sites observed in the cells iranstected with pRKTNFR is 
that a small number of the transiently expressed receptor 
proteins interacts with a.^ endogenous protein present in 
a limited quantity within (he TSA 201 cell. This subpopula- 
tion of receptors might then bino '^l-rNF-a with a higher 
relative affinity [K^ = 0.66 nM), while (he bulk of the ex- 
pressed receptors (92% based on B^^ jDredictions) binds 
ligand with '^'30-fold lower affinity. 

The relationship between the TNF-R described here 
and other potential TNF-Rs is not clear. The predicted 415 
amino acid molecule we identified by cONA cloning en- 
codes a protein with a predicted Mr of 50^78. Since there 
are three potential N-linked glycosylatjon sites, and since 
protein bicchemica! studies consistently reveal carbohy- 
drate content on the TNF-R molecules analysed, it is like- 
fy that the apparent Mr of the TNF-R reported here ts 
greater than 50,000 in its native stale. The recent report 
of two immunologically distinct forms of TNF BPs in urine, 
one of which has N-terminal sequence hcmolcgy to the 
sequence reported here (Engelmann et al.. 1S90). argues 
for the existence of at least two cell surface TNF-Rs that 
shed their extracellular domains. This is consistent with 
the report of two major types of TNF-R on different cell 
types (Hchmann et al.. 1989), suggesting that the moie- 
cule reported probably represents one of tha two types of 
cell surface TNF-R. The mechanisms by which the ex- 
tracellular domains of tne TNF-R are shed are not known. 
Soluble IL'4 receptor is thought to be the result of alterna- 
tive splicing of IL-4 mRNA (Mostey et al., 1989). In con- 
trast, the presence of only one detected species of mRNA 
for this TNF-R suggests that the soluble form is generated 
proteolytically by cleavage of the extracellular domain 
from the cell surface receptor. Soluble TNF BP may be 
resistant to subsequent proteolysis after release as a re- 
sult of a compact disulfide-bonded structure. The physio- 
logical significance of this process remains unknown. The 
availability of this and other cloned TNF-R cDNAs should 
allow for the resolution of these issues as well as (he eluci- 
dation of many of the complexifies of the multiple activt(ies 
of TNF 

Experimental Procedures 

PurlHcatlon of Serum TNF BP and Amino Acid Sequencing 
of Proteotytle Fragmonte 

TNF^a ainniry chromatography fracliow of serum proteins from human 
cancer pali&nts ware shown to Lnhibit the activity of TNFm and TNr.& 
(Gatanaga at ai„ 1990). Thoaa imctlon^ were electrcphorosed on 
SDS-PAGE and found to contain aevara! components. Samples fron 
the affinity column wore loaded directly on:o a smafi glass cdumn (15 
mm X 30 mm) packed with 15 um of C-13 packing material (J. T Saker) 
and eluied on a HP 1090 HPUC with a linear gradient of i%-60% 
acetonitfile In at% TFA and water at a flow rate ol 0.2 ml/min. Eluted 



peaks were sequenced directly on a prototype sequencer (U.S. patem 
number EP025773S). ano sequences obtained were compared to the 
^ protein sequences In the available data bases using the DFASTP pro- 
gram. An early eluting peak. M, . 28,000. prodjced the only un- 
known sequence. Further internal sequence of this protein was ob- 
tained by digesting the purified niaterial with a 1:10 ratio (enzyme lo 
suos.*raie) of lyy<! endopepticase {Wako Chemicals) at pH 80 in the 
presence of 0.05% SOS. 0.1 M Tris-HCI at 37*^ for 18 hf The digested 
peplices were ?hen separated on HPLC as above. The two major elut- 
ing peaks> PF I and PF il. were sequenced as above. 

cONA Cloning 

Tw X.gi10 libraries, a placental cONA library prepared as described 
(Ullrtcn et a!., 1985), and a random primed cDNA library made from the 
promyelomonocytic cell line HL-60 (provided by ^tbh Fisher) were 
probed with two oiigonucieotide probes derived from the protein se- 
quences of .op land PFH using human codon bias (Lathe 1985) The 
probes. 5'-AAGGGCACCTACCTGTACAATGACTGCCCTGGCTTTGGC- 
CAGGA7GAGAATGA from PF I and 5-AAGGAGATGGGCCAG6TGGA. 
GATCfCCrCCTGCACAGTGGAC AATGACACAGTGTGTGG from PF II 
were labeled with hr-^J ATP using T4 polynucleotide kinase and 
usee 10 screen replicate sets cl nitrocellulose filters containing ~i x 
10* independent denes from each of the two libraries. Filters were 
probeo at (n a hycndizailon soiul;cn that was 20<^ formarr.ide. 
O.iqo SDS. 5 k Oenharc!'s soluOon. 50 ^g/ml salmon sperm ONA. 50 
mM NaP04. 0.i<Vb sodiu.Ti pyrophosphate. Filters were washed twice 
in 0,5x SSa OrM SOS at 42»C. Hybridizing phage were plaque puri- 
f'ed. ONA was prepared, and cONA Inserts were isolated and suo- 
cloned using standard techniques (Maniatis et al.. 1982). Four clones 
from tha HL-60 library. HL-60-2. -3. -10. and -14. and one Clone from tne 
placental library weie sequenced on both strands using the chain ter- 
.Tiination procedure (Sanger et al.. 1977). 

Northern Analysis ol TNF-R mflNA 

Northern hybridization was periorm.ed as previously described (Thom- 
as, 1980; Wong et al.. 1988). Briefly, total cytoplasmic RNA was ex- 
tracted from cells, snriched for poly(A)* mRNA. electrophoresed on a 
tormaldehydOHigarose (1.2^^,) gel, and transferred to nitrocellulose 
The filters were baked for 30 min at 80-C under vacuum and hybridized 
to a »P-labeled Tnf.R orobe for i6 hr. The probe consisted ol Ihc 
cDNA insert isolated from the placental clone (2.i kb Ecofll Iragment) 
labeled with [o-^PIdATP and |a-^FJdCTP t>y lAe random priming 
method. Filters were washed al 6a«C in 0.1 x SSC. 0.1% SOS for 30 
min. Autoradiography was carried out for 24 hr ustng Kodak XAR-5 film 
and an intensifying screen. 

TNF-fl Expression Plasmid tnd Transfecticn of TSA 201 Cells 
A 2.1 kb TNF-fi cDNA fragment was isolated by a partial EcoRl digest 
;rom the placental phage TNF-R clone. This fragment was ligaled into 
the EcoRl site of the expression plasmid oRKS (R. Kletn and 0. V. G. 
unpublished data). The cOf^A in the expression construct. pRKTNF.R. 
iS downstream of the cytomegalovirus promoter/enhancer and under 
lis transcriptional comro!. Downstream of the cDNA insert are SV40 ter- 
mination andpoiyadenytation signals. Human TSA 201 cells (obtained 
from R. OuBrioge) are a derivative of the human embryonic kidney cell 
line 293s (Graham et al.. 1Sf77), which consltlutively expresses large 
T antigen. These were transfected with either the pRKTNF-R expres- 
sion plasmid or mock transfected wiih the pRK plasmid without a 
cONA insert. Transtections were performed in 100 mm plates using 75 
Mg 01 plasmid DKiA per ptaie by the calcium phosphate precipitation 
method essentia:iy -as described (German. i985). except that the 
precipitates were lett or. me cetls for 16-18 hr. and the cells were not 
Shocked with OMSO in PBS The transfected cells, transiently express- 
ing TNFR. were assayed 48 hr alter irancfection. 

Analyslfc of Transfected TSA 201 Cells 

f^r FAGS analysis, TNF-hi was bioiinyiaied using biotin-N-hydroxy- 
succinimide ester at a 1:2^ ratio of biotin esler;protein as described 
(Ranges el al.. 1988). Forty-eight hours after transfection, cells (10*) 
wora treated wUh SO nM btoUnylated TNF-c by incubation for 2 hr at 
4«C in pes f 2% fetal calf serum (FCS). After washing twice the cells 
were stained lor 30 min ai 4<»C with phycoerythrin (PE)<onjugated 
wreolavtdin and then was>Mri twi«» ;inrt r»<t..«n»RHpH in Pttft * 
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FCS containing 0 5 ns/mx propioium iodide. For compeiltion binding 
unlabeled TNF^ and TNF^1. cells were preincubaled with erther 
250 nM nonbiolinyiated TNF-o or 100 nM nonbiofinyla!ad TNF-B prior 
to staining with PE^onjugaled streptavidin plus SO nM biolinytaled 
TNF-a. The cells were analyzed on a Coulter Elite Flow Cytomeler 
using the 488 nm line of an argcn Ion laser, gating only on propidium 

'^n^Z T^ T- ""^ "^'^^ «'"9 a 575 nm 

25 r^m) band pass filter, and propidium iodide was detected with a 680 
nmtong pass filter Etect.-onic compensalion was used to subtract the 
spectra overlap of PE mto the propidium iodide detector 

For analysis of binding of ^ITNF to Irandected ceils. pHK-TNF-R 
r '!;f='' '«"s'««<'<l cells weie harvested with P9S containing 
1 mM EOTA and washed with PBS conlining ai% B« and a02<* s<^ 
dMjm «ide (PBSA buffer). Duplicate or tripficate samples of 2-25^ 
10» cells in OS ml of P8SA were incub<«ed at 4^: JTh, whtfe Shak- 

LtonTor 

fi^r .? '^'T" '"'=""•■"9 «>"""'n«i»n3 Of unlabeled 

TiS'c ^ „'"^ <*ot*m.ined by.the addition of (X33 mM unla- 

bound '»|.TNFa was asp.raied. The cell pe«ei was washed once 
with 1 ml of ice-cold PBSA. The amount o« ^l bound was determined 
by countmg the cell pellets in a gamma courier. The data were fit using 
noniirjear lewi-squared regressicn anaiyses according to Marquardi 
algorithms (GraphPAO inpioi ve/gien 10. GraphPAO Software San 
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A Tumor Necrosis Factor-binding Protein Purified to Homogeneity 
from Human Urine Protects Ceils from Tumor Necrosis Factor 
Toxicity* 
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Unfractionated pr«parattons of the proteins of ha- 
man urine provided protection against the in uitro 
cytocidal effect of tamor necrosis factor (TNF). 

In ceruin cells, the proteins decreased expression of 
the receptors for TNF in a temperature*dependeat 
way. 

!n all cells examined, the proteins were found to 
interfere also with the binding of both TNF and tnter- 
leukin-1 when applied directly into the binding assays. 
That effect could be observed In the cold, suggesting 
that it was independent of cellular metabolism. 

A protein which protecu cells against the cytotoxic- 
ity of TNF was purified from human urine by chro- 
matography on CM-Sepharose followed by high per- 
formance liquid chromatography on Mono Q and Mono 
S columns and reversed phase high performance liquid 
chromatography. This protein is a very minor constit- 
uent of normal urine, with an apparent molecular 
weight of about 27,000 In sodium dodecyl sulfate- 
polyacrylamide gel electrophoresis under both reduc- 
ing and nonreducing conditions. Homogeneity of the 
purified protein was confirmed by microsequence 
analysis which revealed a single N-terminal seouence: 

l^^'^SL^*ilEiS^^^' The protein protected celH 
Trom TNF Coxictty at concentrations of a few nano- 
grams per ml and interfered with the binding of both 
TNF-a and TNF-^ to cells, when applied simultane- 
ously with the cytokines. However, anlike crude prep- 
arations of the urinary proteins, the purified protein 
did not induce in cells a decrease In ability to bind TNF 
nor did it interfere with the binding of interleukin- 1 
to its receptor. Direct, specific binding to the protein 
of TNF-a and, to a lesser extent, also TNF*^, but not 
of interleukin- 1 nor interferon-ir could be demon- 
strated. It is suggested that this protein blocks the 
function of TNF by competing for TNF with the TNF 
receptor and not by interacting with the target celL 
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Tumor necrosis factor (TNF)' is outstanding among the 
various mediators of immune defense in the extent to which 
it may cause harm to the host Although it is effectively 
protective against various pathogens, this cytokine also has a 
mediating role in the pathological manifestations of diseases, 
including those caused by these very pathogens against which 
TNF can protect (for review, see RefiL 1 and 2). Exploring 
ways for suppressing the formation of TNF and antagonizing 
its destructive potential seems, therefore, of just as mtich 
practical importarKe as defining ways to take advantage of 
the beneficial effects of TNF in therapy. 

Human urine has been shown to contain proteins which 
can interfere with the function of interleukin-1 {IL4) (3-5). 
In view of the marked similarity in the physiological function 
of TNF and IL-1, we have posed the question whether proteins 
found in urine can also suppress the activity of TNF. We 
report here the purification to homogeneity and initial char- 
acterization of a protein which is present in human urine in 
minute amounts. This protein binds TNF, thus preventing 
its interaction with the TNF receptors and blocking its activ- 
ity. It does not interfere with the binding of IL-I to cells and 
differs in this, as well as in some other characteristics, from 
uromodulin, a urinary protein which suppresses the function 
of IL-1 (5-7) and, according to a recent study (7), also binds 
TNF with a high affinity, although it is apparently unable to 
inurfere with its function. During preparation of this manu- 
script a study by Seckinger et oL (8) was published, describing 
a urinary antagonist to TNF which may be identical to the 
one described here. 

MATERIALS AND MeTHODS 
CeUs 

Murine A9 cells (9) and human foreskin flbrobtaats, FSll (estab- 
lished in our laboratory by Dr. D. Rotman), were cultured in Dulbec- 
co's modified £agie*s minimal essential medium contaiaiog 1(X) uniu/ 
ml peniciUin. 100 Mg/ml streptomycin, and 2 Mg/ml amphotericin B. 
The media were supplemented with 10% newborn calf serum for the 
A9 ceils and with 10% fetal calf serum for the FSll cells. 

Cytokinei 

Recombinant human TNF-« (rhuTNF-o. 6 x 10' units/mg pro- 
uin). recombinant murine TNF-o (nnuTNF-«. 2.6 x 10^ units/mg 
protein), and recombinant human TNF-tf (rhuTNF-^, lymphotoxin. 
1.2 X 10^ uaitt/mg protein) were kindly provided by Dr. G. Adolf! 
Bochringer Institute, Vienna. Austria. Recombinant human IL-la 
(rIL-la, 2.5 X 10^ uniu/mg prouin). consisting of the 154 carboxyl* 



' The abbreviations used arr. TNF, tumor necrosis f^ior; CUP. 
crude urinary proteins: IFN, interferon; HPLC, high performance 
Uquid chromatography: PAGE, polyacrylamide gel electrophoresis; 
TBP. TNF-biodiag prouin; SDS, sodmm dodecyl sulfate; IL l. io- 
terieukin-1; PBS. phosphate-buffered saline; r. recombinant; hu. hu- 
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tenmnd tmino «cids of tht ni-unino acid huiaaa IL*1 prtcunor, 
vtsa pA oT Dn. A. Sura aad P. T. Lom«dico (Holliiunn U Rocht, 
Nutlty. SJl lUcombiiunt hum«a intcrf«foo*t UlFS-y) (5 x 10' 
uniti/tn< proctin) wu provided by Dr. D. Novick of our Ubontoty. 

RadioiabtUrxi of Cy tokine 

AH onokim wtrt Ubcltd with '^I bv tho chloramino-T method, 
cs pm iously deschbtd (10), The amowDU of incorporated Ubel in 
the prepentions of cyrokines used in this «udv vert as foUowt: 112 
jiCt/nf protein for rmuTNF-a, l26MCi/i*f procein for rhuTNF-a. 113 
j«Ci/mC protein for rhuTNF-J. and 159 tfCt/nf prouin for rIL-l-a. 
The puriftcd TNF bindinf p. xm (TBP) wm Ubeted by the same 
method to a specific activit>* oi 238 mCi/»e proccta. 

. iUM>t for tht TSF-binding Protein 

Quantitation of the Protm • Effect of the TBP, aeainst TSF 
Cytotoncity—Mouse A9 cells were seeded in 96-«eU microtiur pUtea 
at a density of 15.000-20.000 e*lls/we!L Urin*ry protein saoples wtrs 
applied, about 24 h later, together with cycloheiimide (50 ji^mi) and 
rhuTNF-a (5 uniu/ml), and ihr c«Ua were runher u.^ubated at J7 'C 
for U h. Cell viability was then quantiuted by the neutral red uptake 
assay (lU. For maximal sensitivity, the test was initiated when the 
A9 cells were just about to reach confluency. One unit of protective 
activity was defused as the amount of TNF-btndin( protein in whose 
presence the number of cells remAininf viabk. under the conditions 
of the assay, wu doubted. The morphology of the A9 ceUs when 
proteaed from TXF toxicity by TBP is shown in Tig. I. 

Qi/oA/ieo/ton of the Binding of Cytokines to CeUs and !t$ Dtcreaae 



Control 



rTNF 




rlNF 



TNF* binding 
protein 



Fig. 1. The cytocidal effect of TNF ia A9 eells aad lu de- 
^tt^Me by the urinary proteins. Photofrapbs of cells used for the 
btoassay of the protective effect of the urinary proteins (see "Mate- 
rials and Methods*) were tAken after 14 h treatmenL Top paneU 
control, cells treated with cytloheximide only; midUi^panH dead 
after treatment with TNF ^ cyciohexinide: bottom panei ceUs treated 
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by Proteineoftht C/nne— A9 and FSl I celU were seeded into 15.mffl 
tissue culture plate* at a denaity of 2^ x lO* celU/w«U. After 24 b 
incubation at 37 *C in 5% C0| Atmoaphere. the plates were transferred 
to ice. the growth medium waa removed, and the radiolabeled cyto- 
kines (10* cpm/plate. counting efTiciency 50%) were introduced in 
150 ill of ice-cold phosphate-bufTered SAiine (PBS) (140 mu NsCl 
1.5 mM KH«PO«. 8 mM Na,HPO«. 2.7 mM KCl 0.5 mM Mg<X oi 
mM CaCl} containing 0S% bovine serum aJbumin and 0.1% NaNi 
(PBS/BSA)). Following incubation for 2 h on ice. the cells were 
rinsed twice with ice-cold PBS/BSA and deteched with Ca^* and 
Mr* free PBS conteining 5 mM EDTA. The cell -associated radio- 
acti\-ity was deurmiaed using a xounier Nonspecific binding of 
the cytokines, determined by adding lOOO-fbId excess of itciUbeled 
cytokine, was subtfKted from all values. EffecU of urinary proteins 
on the binding of cytokines were examined by either applying the 
proteins directly into the binding asaay or pretreating the cells by the 
proteins, for various durations, either ^. 37 *C (in growth medium) 
or at 4 *C (in PBS/BSA) and then removing the proteins prior to the 
quantiutioo of cytokine binding. Samples of the proteins urere tested 
in duplicates. 

Soiid Phase Assay for the Binding of Vanc-j C>to*in*j to the 
Purified TSFbinding Proiein— PVC 96-we^ radioimmunoassav 
plates (Dynatech 1-220-25) were coated with rhuTNF-a, rhuTNF-i, 
rlL-U, or rlFN-T by incubation, for 12 h at 37 'C. with solutions of 
5 n%/mi of the pure cytokines in PBS containing 0.02% .VaNi. The 
wells were then rinsed and incubated further, for 8 h at 4 *C. with 
PBS containing 0.5% BSA, 0.02% NaN^ And 0.05% Tween.20 (block- 
ing solution). Samples of radiolabeled TBP (10* cpm in 50 «! of 
blocking solution) were then applied, either alone or in the presence 
of various cytokines or excess unlabeled TBP. and the plates were 
incubated for 12 h at 4 'C. They were then rinsed three times with 
blocking solution. The counts of the material which remained bound 
to the PVC plates were determined using a 7 -counter. 

Purification of the TNF-binding Protein 

Concentration of the Crude Urinary Proteins (CUPJ— Urine from 
healthy male donors was processed in pools of 300 liters. The urine 
was filtered on a Millipore HVLP membrene (pore size. 0.5 ^m) using 
a Pellicon cassetu system. The fUtrau was concentrated by tAngen- 
tiAl ultrafiltration to a flnAi volume of 750 ml. with the aid of a PTGC 
Millipore membrane having a molecular weight cut off at 10.000. The 
concentrate wu dialyied against PBS contAining 0.02% NaNj and I 
mM benzamidine (Sigma), divided into portions, and frozen. 

Chromatography on CM-Sepharose—A CM-Sepharose (Phaima- 
cia. Uppsala, Sweden) cation exchange column (2.7 x lO cm) was 
prewasbed with 1 M NaCl, 10 mM citric acid, pH 5.0. containing 
0.02% NaN} (buffer C) And equihltrAted with 10 my citric acid (pH 
5) contAining 0.02% NaNj (buffer A). The concentrate of urinary 
proteins was dialyied against buffer A and centrifitged for 15 min at 
8000 X |. The supernatant waa applied at 4 *C on the column at a 
flow rate of 2 ml/min. The column was washed with 1500 ml of buffer 
A and ehited with 250 ml of a sohjtion cofxtaining 200 mM NaCl. 10 
fflM citric acid (pH 5.0), and 0.02% NaNi (buffer B). A second step 
of elution was performed with 150 ml of buffer C. Fractions of 50 mi 
were collected and tested for biological activity, and their protein 
concentration was deunnined. 

Coribn Exchange /fPtC— The active fractions eluted from the CM- 
Sepharose column were pooled, dialyied against buffer A. and applied 
on a Mono S HR 5 x 50*mm column (Pharmacia). The column was 
washed at a flow rate of 0.5 ml/mio until all unbound proteins were 
removed The bound proteins were eluted with a linear NaCl gradient 
(0-350 mM) in buffer A. The gradient was run for 40 min at a flow 
rate of 0.5 ml/mia. The column was then washed for 10 min in buffer 
D (350 mM NaCl in buffer A), and further with buffer C. Fraaions 
of 0.5 ml were collected and examined for a proteaive effect against 
TNF cytotoxicity, and their prouin concentration was determined. 

Anion Exchange HPLC—A fast prouin liquid chromatography 
Mono Q HR 5 x 50- mm anion exchange column (Pharmacia) w«s 
equilibrated with 5 mM sodium borau (pH 9.0) containing 0.02% 
NaNj (buffer E). The active fractions eluted from the Mono S column 
were pooled, dialyied againtt buffer C. and loaded on the Mono Q 
column. The column was washed with buffer £ ur'il all unbound 
proteins were removed. The bouitd proteins were eluted at a flow rsu . 
of 0.5 mi/min, with a 30-mio linear gradient from 0 to 60 mM NaCl 
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bufr«r E. Fractioas oT 05 ml «tf» colWcud tiki tzAmiatd M <fa^ 
Rnrntd PHcm HPLC^IU ravtntd phtm HPLC cohiaa aoU* 
port RPOOO (4.6 X 30 mm, BfowniM Ub»i prtwasM with 0J% 
•qu^ irinuorxMCftic tcid (bufltr F). Th« acttw frMtiou ftom the 
Mono Q column wtr» pooltd and kwdtd on tbt cohima. TV column 
»^»uh«l wiih bufTtr E « • How nu of 05 wX/mm amU all 
unbound materul wis rvmovtd: it wm» thtn tluttd ac • flow nu of 
03 mi/mm with • tioea, ^rtdwiii of oettonithlt ia bufftr F 

for 5 mm folkm^ by « 70-S0% Untar fraditnt of ae«comthla in 
^J'il ^J"**^ *^ • r«li«ni of acttoni- 

cnia in bufltr F for 5 min. Tha column waa than washad with B0% 
acfltomtrila in bui!tr F for 15 min. Fractioiu of ml «tft coOactad 
andamytdaaindkatad. 

akctrophoma (SOS-PACE) on 15* «cT>iamida «aa pafformS 
by the method of Uaminli (12) usiiif tha Bio-Rad Miaifri dtnct 
(thicknwa of ftl 05 mm). Prouma ia tha etl «tn visuaload by 
ailver ttaiaiaf ( 13). ^ 
S termmai S^qutnce AtuUytis-SMmpkt of tha puiifWd TBP ««f« 
subl*ctad to N-unaiaaJ laquanca auAlvsia on a pulaad bond gaa 
r«wr Cit^*CA^^ (Mode! ilSA Applied Bioayitcms lac, 

PfOfeifi Deferminafion— Protaia conccotrationa wtn datarmiacd 
the nuoreacamiaa method (14). usinf cry^iallina bovine aenim 
albumm as a staadanL 

RESULTS 

Effects of Unfractioncted Preparations of the Uri/tary Pro- 
teins on TNF Funcdbn— Unfractionated prepantioiu of the 
proteins of human urine had a marked, concentration-de- 
pendent, protective effect against the cytotoxicity of TNF 
(Fi^ 2M, and see also Fig. I). 
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To expbte the mechanisms which underly this protection, 
we examined the effect of the proteins on the binding of TNF 
to tu receptors. This test was carried out in several diHerent 
ways: (o) pretreaiing the cells with the urine proteins at 4 'C 
pnof to the quantiution of TNF binding, to find out if these 
proteins block the TNF receptors: ib) pretreating the ceUs 
with the proteins at 37 'C. to see if there are componenu in 
the unne which down regulate the TNF receptors: (c) suppiv- 
ingthe prottins, simultaneously with TNF. directly to the 
TNF binding assay mixture, to find out if cor^tituenu of the 
it^ binding of TNF by an effect on Ti<JF 

Pretreatjnent of human foreskin fibroblast at 4 X with the 
crude urinaiy proteins (CUP) had no effect on subsequent 
binding of TNF in the absence of the CUP (Fig. 3, left, top 
poneU 4 T). However, after treatment with CUP at 37 X the 
ceUs exhibited a marked decrease in ability to bind TNF This 
induced effect was rapid and transient, .-aching a maximum 
wiUun an hour of application of the proteins and then grtd- 
ually decreasing (Fig. 3. Uft, top panel), A similar induced 
decrease in TNF binding has been reported in certain cells 
following treatment with IL-1 (15). Indeed, treating the hu- 
man fibioblasu with IL-l. resulted in a decrease in TNF 
binding dispUying kinetics similar to the kinetics of the effect 
induced by CUP (Fig. 3, left, middle panel). Murine A9 cells 
treated with CUP did not exhibit any such induced decrease 
in binding of TNF (not shown). 

In addition, the CUP had a marked inhibitory effect on 
TNF binding when applied directly into the TNF binding 
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^^^::^J^^^^ urinary proteiaa, IL-la aad 

pure TNF-biadiag protela oa the binding of *"I-TNF to FS 1 1 
cella. Left, precreaiment with the proteins; right, application of the 
proteins together with "=*1.TNT to the binding assay; top effects of 
the crude urinary proteins (CUP) at 510 m/mk middle, effects of IL- 
la at either 4 fg/ml (10 uniu/ml. left) or 4 ^g/ral (right): bottom 
effecu of the purified TNF bindinc proirin (TBP) at 10 ng/ml In 
the ez;>enment presented in the fe^f panels, cells were prctncubated 
for the indicated duration either at 37 'C with the CUP (O) IL- 1 O 

and the binding of "»I.TNF to the celb was quantiuted as described 

US^' ^'*;?ii"**Welhods.- In the experiment presented in the 
rtght panels, CUP, IL l. and TBP were applied directly into the TVF- 
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asuy (Fig. X right, top panel). Tb« tfr«ct ooeumd 4io «t 
4 *C and could not bt increued ftirthtr by prttficubttinf TNF 
with the CUP tt 37 -C (Rf. 2Bh It could bt obMrvtd in tU 
cells eiamined. including the huaAo fomkia fibrobUso (Fig. 
2) end murine A9 cells (Teble I). The CUP also interfered 
with the binding of TSF-ff (lympbotoxin) and IH to celU, 
when applied simultaneously with the cytokines (Table I). 

Several trixial causes for the effecu of urinary proteins on 
the activity of TNF seemed to be excluded by the abo\-e 
obserwaiions. The presence of TNT itself in the urine would 
ha\*e resulted in interference by the urinary proteins with the 
binding of radiolabeled TNF and. in certain cells, also in 
induction of resistance to TNF toxicity (16). However this 
possibility seemed to be excluded by the fact that the urinary 
proteins did not interfere with (he binding of TNF when 
applied to cells in the cold, pricr to the application of TNF. 
Were TNF present in a free form in the urine, it would be 
expected to bind to the TNF receptors in such a pretreatment 
and thus block the binding of . bsequently applied radiola- 
beled TNF. The presence of biologiadly active TNF in the 
CUP seemed to be exchided also by the fact that these 
preparations did not have any toxic effect on cells, not even 
when applied in the presence of cycloheximide, which sensi- 
tizes cells to TNF toxicity (dau not shown). 

IL-1 has also been shown to induce, in certain cells, resist- 
ance to the toxicity of TNF, as well as a decrease in TNF 
binding (15, 17). However, unlike the urinary proteins, IL-l 
does not interfere with TNF binding when applied to cells 
simultaneously TNF, in the cold (Fig. 3, right, middle 
panel; see also Ref. 15) and. therefore, even if present in the 
urine, cannot account for that effect of CUP. 

We also considered the possibility that the decrease in TNF 
binding and acti\ity was due to degradation of TNF by some 
proteases known to be present in the urine. The faa that 
incubation of TNF with the urine proteins at 37 X for 2 h 
prior to their application to the ceils did not enhance the 
interference of the CUP with TNF binding (Fig. 2S). testifies 
that neither proteoI>tic degradation nor any other enrymic 
modification of TNF is involved in this effect Furthermore, 
analysis by SDS PAGE of the molecular size of TNF after iu 
incubation with the urinary proteins revealed no signs of such 
degradation (not shown). Several agenU known to block pro- 
Uase activity, //-ethylmaleimide, A^'-p-tosyl-L-lysine chloro- 
methsd ketone, benzamidine, iodoacetamide, phenylmethane- 
sulfonyl fluoride (all tested at a concentration of I mM), 
leupeptin (at 1 Mg/ml), and aprotinin (at 0.5 unit/ml), did not 
interfere with the inhibition of TNF binding by the CUP 
(data not shown). 
Involvement of antibodies in the effect of CUP seemed 

Table f 

interfennct of the urinary proteins with the binding 
of varioia cytokinta to ceiU 
The vtrious cytokines, radioUbeM with were applied to cells 
either alone, or together with the crude urinary proteins (CUP, 510 
nt/ml) or the pure TNF-binding proceta (TBP, 10 ng/ml). Specific 
binding vts determined as described under "Mauriab and Methods.* 
Values are fivtn as percent of the binding of each cytokine in the 
absence of the inhibitory prouin, which for rhuTNF^ wu 2160 epm 
(A160): for rhuTNF J, 1210 cpm (±102); for rhuIL-la. 1019 cpm 
(±691; and for rmuTNF-o, 13,543 cpm (± 168). 
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unlikely since, normAily, urine does not contain antibodies. 
Furthennore. the molecular size of the proteins which mediate 
the effect on TNF activity, as estimated by size exclusion 
chromatography (see below), is cleariy bwer than that of 
immunoglobuliiu. 

Purification and Initial CharocUrization of the Urinary 
TSF binding Protein— A bioassay for the urinary prouin(s) 
which mediau a protective effect against TKF cytotoxicity 
was established (see "Materials and Methods"): it then was 
used for the detection of these protein(s) throughout various 
fractionation steps. 

Several chromatographic approaches for purification of the 
pro<ein(s) were attempted. In size exclusion chromatography 
(on an Ultrogel AcA44 cohimn equilibrated with phosphate- 
buffered saline) only poor resolution between the prouin(s) 
which inttrfere with TNF activity and other urinary proteins 
could be observed. Under these conditions, the activity frac- 
tionated together with the majority of the protein mass, 
pesking at an apparent molecular size of Jut 50.00<>-70.0C j. 
On the other hand, in isoelectric focusing, some enrichment 
of the proteins could be obtained. ConsisUnt with prior ob- 
servations, much of the protein mass of urine was found to be 
rather acidic, with an apparent isoelectric point lower than 
5.0. Yet the isoelectric point of the protein(s) which protect 
cells from TNF toxicity was found to be close to 6,0 (dau not 
shown). Fractionation by isoelectrofocusing for initial enrich- 
ment of the protein seemed impractical since only limited 
amounts of proutn can be applied at a time. However, the 
pattern of isoelectric points revealed by that procedure indi- 
cated that enrichment of the protective protein on the basis 
of iu charge properties should be possible. 

As a first sUp, the urinary proteins were fractionated at pH 
5.0 on a csrfooxymethyl-Sepharose column. (ConsisUnt with 
their acidity, most of the proteins did not bind to the resin 
under those conditions. However, the inhibitor of TNF activ- 
ity was bound effectively to the resin at that step (about B0% 
of the applied activity), and most of it could be eluted from 
the column, together with about 1% of the initially applied 
prouin, by increasing the ionic strength by 0.2 M NaCL 
Increasing the ionic strength further { 1 m NaCl) did not result 
in ehition of any additional activity. 

In the second purific^rion step, the prouins were fraction- 
ated on a cation exchange HPLC column. The active protein 
was ehited at about ISO-^^O mM NaCl (Fig. 4). Peak fractions 




10 20 90 40 
Froctioft aumbtr 



Untreated cells 
CUP (7 uniu/ml) 



% 

100 
11±9 



% 

100 
35±5 



% 

100 

59 ± n 



% 

100 
22±1 



Flc 4. Mono S cation ezchaage HPLC of TBP, The column 
was equilibfatad with 10 mM dtric acid (pH 5), 0.02% NsNs. Urinary 
proteins, enrkbed for TBP activity by fractionatioa on CM*Scpha* ' 
rose, were applied and then eluted with NaCl gradtent ( ). The 
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were pooled and subjected to Airther puhficttioQ oo an anion 
exchange HPLC column, from which th« TNF inhibitory 
activity waa eluted at a salt concentration of about 40 mM 
(Fif. 5). 

The final fractionation step waa on an Aquapore RP 300 
reversed phase HPLC columiL Proteins were eluted from the 
column by applying a gradient of acetonithle. The active 
protein was found to elute as a disttna prouin peak, at about 
21% acetonithle (Fif. 6). 

Anal>-sis b>- SOS-PAGE, revealed that the factor was puri- 
fied at that step to homogeneity; it was identified as a protein 
with an apparent molecular weight of about 27.000 {inset in 
Fig. 6). The molecular size was indepcudent of whether or not 
the analgia was performed in the presence of a reducinf agent 
(4-mercaptoethanol). Homogeneity of the purified protein waa 
further confirmed by N-termtnal microsequence ai^alysia. A 
single sequence, Asp-Ser-Val-Cys-Pro-, waa obtained in the 
analysis at a high yield (initial yield. 67%). 

Both from the low amounts of the protein, recovered in the 
purification, and from comparison with the protein pattern 
in the crude preparation, as revealed by SDS*PAGE, it ia 
clear that the factor is a very minor constituent of urine. In 
the urine preparation, used for the fractioiution whose resultt 
are presented in Table 11, the protein constituted 10*'- 10**% 
of the total protein. Specific activity of the purified protein 
was about 50.000-foId higher than that of the CUP. 

Like the crude preparations of the urinary prouins, the 
purified protein interfered with the binding of TNF-a (of both 
human and mouse origin), as well as with huTNF-^ when 
applied to cells simultaneously with these cytokines (Table I 
and Fig. 3. rights bottom panel). However it did not interfere, 
to any measurable extent, with the binding of IL-1 to iu 
receptor (Table I) nor did it induce in cells, pretreated with 
the protein, a decrease in ability, to bind TNF (Fig. 3, kft, 
bottom panel). The latter two effects of crude preparations of 
the urinary proteins therefore seem to be mediated by some 
other constituents of the urine. 

The binding properties of the urinary protein were explored 
using radiolabeled preparationa of the puriHed protein. As 
shown in Table III, the labeled prtitein was found to bind to 
immobilized TNF-a and, to a much lesser extent, to TNF-0. 
This binding could be competed by TNF*a and TNF-^ and 
by excess of the unlabeled urinary protein. IL-1 (as well as 




Fic. 5. Mono Q aaloa exchaaga HPLC of TBP. Active frac- 
ttont elutinr from the Mono S column wtrt made uo to 5 mM sodium 
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FiC. & R«vtrsad phase HPLC of TBP. The ptotMBs enriched 
for TBP activity on the Mooo Q column wen applied to an Aquaport 
RP300 coluam. Elutioo was performed with a gradient of acetonitrilt 

in 0.3% aqueous trifluoroacetic acid ( ). Fractions were eiamuied 

for bioaaivity (B). and prouin ( ) content. Shown ia inset is 

SOS- PAGE analysis of proteins in the absence of redudaf afents (A, 
Bh or in the presence of 15% tf-niercaptocthanol (C). Tbe pattern of 
proteins in the preparation of unfractionated urinary pmeins prior 
to chromatofraphy on CM-Scpharose (5 iif. lane A), is compared to 
the prouin ia fraction 21 of the ehition from the HPLC RP300 
cohimn (0.1 0$, lanet B and O. where only a stnfle polypeptide band 
can be discerned. (The faint hiffa molecular weifht bands ia C could 
be observed also in the absence of any added protein and seem to 
reflect the presence of some contaminants in the ^-mercapcocthanoL) 
By comparing to the mifration of molecular weifht markers (Phar- 
macia, shown in the (eft), the molecular weifht of the purified TBP 
was estimated as about 27.000. 

Table U 

Purification of the TSF-binding protein 
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IFN*ir) did not bind the tirinary protein, nor did it compeu 
for the binding of the prouin to TNF. 

DISCUSSION 

A protein present in the human urine in minute amounts 
is shown in this study to interfere with the function of TNF 
by blocking the btndinf of TNF to its receptors. In the crude 
state, the urinary proteins suppress the binding of TNF to 
cells by effecta on both the cell and the TNF molecules; they 
also interfere with the interaction of cells with IL-l-cytokines 



A TNF'binding Prx>Uin from Human Urine 
Taslc III 

Binding of th€ TSF-binding prouin to fytokinn and tht fffect of compttitivt protfim 
Bindiag of p«rifi«d ndioUb«M TBP to th* eytokint* lutH ia tht kft column and crow<ompMiuofl with tb« 
Otokincs tAdicAted or *ith •ims unUbtltd TBP (Ust cohunn) «u dcttrmined in i solid phAM itfty u deicribed 
under •MittritU and Nttthodt.* Tbt €onc«acr«tioas of tKc proteins appUed for competittoo for the bindinc to 
TBP wen u follow*: TNT-*. 5 i^/ml; TNF-i. I <.«/mi; (L-la. 4 nf/ml; IFN-7. I M«/inl: TBP 80 MC/nt 
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CvTokin* ffiAJBtotd for 
bindinf to TBP 



PfocttAs «ppM for coatpvticion for TBP bindiac 



TNTm 



TNFi 



irs-y 



TBP 



TNT« 
TNFJ 

IFN7 



17.8*20 (£130) 
450 (±40) 
140 (±40) 
110 (±10) 



400 (±10) 
130 (±10) 
130 (±30) 
100 (±10) 



14^ (±900) 
240 (±30) 
ICS (±10) 
105 (±10) 



cpm r»UTBP bound 
18^20 (±450) 
480 (±50) 
100 (±10) 
90 (±10) 



17310 (±700) 
440 (±20) 
130 (±30) 
120 (±20) 



790 (±20) 
110 (±^) 
130 (±30) 
120 (±10) 



crude urine against TNF toxicity, seems to function only by 
aflwting the TNF molecules; it showed no direct effect on 
cells and was unable to interfere with the binding: of IL-1 to 
its receptors. 

The purified protein acu by binding the cytokine and thus 
competing for it with the TNF receptors. Although it does 
not bind IL-1. it does bind TNF-a and with much lower 
effectivity. also TNF-tf (lymphotoxLn). The specific nature of 
iu interaction is further demonstrated by the inability of the 
protein to bind another cytokine- IFN-7. Even though TNF- 
« and TNF-iJ share only partial struaural homology (18), 
they compete for binding to the same cell surface receptor 
( 19). The fact that they both bind to the urinary protein raises 
the possibility that this protein associates with that part of 
the cytokine molecule which is recogniied by the receptor. 

By its inability to interfere with the binding of IL-1 to cells, 
the TNF-binding protein (TBP) can be distinguished from 
uromodulin, a major glycoprouin of the urine, of greater 
molecular size (85,000), which was reported to have a high 
binding afTmity to both IL-1 and TNF and to interfere with 
the function of IL-1, although not with that of TNF (5-7). 
The TBP is also clearly distina from another antagonist to 
IL-1, shown recently to be present in urine, which interferes 
with IL-1 binding apparently by binding competitively to the 
IL-1 receptor, but it seems unable to block the function of 
TNF (4, 20, 21). 

The presence of the above antagonisu in urine probably 
accounts for the inhibitory effect of CUP on IL-1 binding. At 
the same time, the inauced decrease in the ability of FSU 
cells to bind TNF following treatment with CUP appears to 
t>e very similar to an effect of IL-1 itself. IL-1 induces a 
decrease in binding of TNF, which apparently reflectt a 
decrease in expression of the TNF reenters. In FSll Hbio* 
blasts, although not in some other ceils (15), this decrease is 
transient and its kinetics resembles the one seen with urinary 
proteins. Some evidence for the presence of IL-1 in the urine 
has been reported (4, 22). Whether indeed IL-1, if present in 
the unfractionated preparations of the urine, can mediate the 
effea in wpiu of its coexistence with proteins which block its 
activity, or whether it is some other constituent(s) of the urine 
which functions in our test system similarly to IL-1, remains 
to be determined. 

The protein whose purification is described in this study is 
present in the urine in minute amounts, constituting about 
10~'-10~^% of the total protein mass. It would not have been 
detected save for the faa that it is very active. Indeed, it can 
be calculated that a unit of protective activity (the activity 
resulting in a 2-fold increase in the number of cells which 
r#mMin vi^hU nff^r rhnWp.nvft with TNF) is mediated bv the 



The physiological role of the protein remains to be eluci- 
dated. It is tempting to speculate that, just as in our in vitro 
experimental system, this protein .xtions viuo »s an 
antagonist to TNF. However, to test this hypothesis it will be 
necessary first to determine how this prouin is formed and 
what resultt from iu interaction with TNF under in vivo 
conditions. At present, one cannot rule out that this protein 
has a completely different in vivo role, perhaps even a converse 
one; it might prolong the exposure of the organism to endog- 
enously produced TNF by binding the cytokine and then 
releasing it slowly in an active form. 

There is some evidence both for the existence of mecha- 
nisms whereby the organism can protect itself from the po- 
tentially destructive effects of TNF and for enhanced expres- 
sion of these mechanisms following exposure to TNF. Several 
studies have shown that vulnerability to certain deleterious 
effects of TNF and of bacterial components which can induce 
TNF production is markedly reduced following exposure of 
the organism to TNF itself or to IL-1 (23-26). If the protein 
described in the present study can indeed contribute to such 
protection, it is very likely that useful applications for it will 
be found, specifically as a therapeutic agent in those patho- 
logical situations where TNF can have detrimental effects. 
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Addendum— Recently, we have determined the sequence of the 18 
N-terminal amino acids of the TBP. A search through the NBRF 
protein dau bank, release IS. failed to reveal significant homology to 
any of the other known protein sequences. la the 2nd International 
Conference on TNF and Related C>tokincs beki January 15-20, this 
year, L Olsson from the University of Lund, Sweden, also reported 
on the purification of a urinary prouin which binds TNF. Based on 
comparison of N-terminal amino acid sequences and of chromato- 
graphic properties, this protein appears identical to the one whose 
purification is described in the present study.' 
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In view of Ijfflreasing evlcienoa for a causative role of TWF in the patho- 
genesis of certain diseases (1,2), there Is particular Interest in eluddaticn 
of the mechanisms by which the fL«±lon of this cytokine is controlled. The 
studies described below provide initial Infonnatlcn on two dlf ferwt reflec- 
tions of those mechanisms. One, oono eng a mechanism which may contribute to 
a marked sensitizatio n to seme deleterious effects of INF, observed In animals 
which were afflicted with pathogens (3-6). Tta othar was initiated in an 
atteqpt to shed light on the mechanisms by whidt a decrease in responsiveness 
bo TNF, such as observed following preexposure to a low dose of TNF, may oocur 
(7,8). 



Pathoqen-cBdiated E>ih a «oema i t of the Prostaglandin Indiginq Effect of TOF 

vulnerability of experljnental animals to tt» lethal effect of ii\jected TNF 
was found, in a nunber of studies, to increase by certain pattogenic agents, 
like bacteria, the malaria pa ra sites and turors (3-6). Other studies (e.g. 
of. 9) s u gges te d that some deleterious effects of TNF are precipitated by 
prostaglandins^ prodjoed in response to it. A possible mechanistic link 
between the above observatians was indicated in a stucly in which we examined 
the effect of TNF on cells after their infection with Chlanydia trachotatis . 
As dXMi in Table 1 growth of the Chlaniydia in HE|^2 cells is significantly 
Inhibited by rTNF (see also 10). An even furtter Inhibition observed when 
treatlJig the cells with TNF together with IPN-r^ at oor«entratlcns of IPN at 
which IIN alone has only little effect (10,11). It has been reported that the 
growth of chlaraydiae is inhibited also by prostaglandins (12). Vfe therefore 
examined the productlcn of prostaglandins in Infected cells which were treated 
with TNF. Similarly to various other cells (13,14) uninfected HEp^2 cells 
reqxnl to TNF in some production of PC3E2^ though to only a little extent. 
In?ection with Chlamydia, which by itself 'results in only little induction of 
PGE2 potentiates the TNF effect (Table 1). Maximal induction of PGEj is 
observed at concentrations of TNF which effectively inhibit the chlanydial 
jgpncwth. Treating the cells with TNF and IFN-ar together, which practically 
abolishes the growth of chlamydia results in a similar, promunced induction 
of PGE2. 
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itrats. HUnan urine hS hLrJU^*?.,f5Pf®®^^ certain secreted inhlb- 
a5-17),mi^f<^^SSiS^'S^^J^ inhibitors Of lL-1 activity 

vAlch can aff eotSu^cSSSTtfS^ S^rt^^ 

trated P«paratlcS if^TJSvS^^^teJSstSS'^^ 

cytoddal acUvlty of n^rSiSi T^fJ^f.^ff* suppressed effectively the 

also by othS (2,21), ' * sdjnUar cbeezvatlon has been reixaid 

balS??{S^'S5f S^fSSf^ 2^,f?^ « Of radlola- 

rapid, ttoigh'^Sit? dSls^lS^tS^;^^^*^?^ dependent way, a 
sifflliarly to an effect ^tdSin^i^s^Z^^^^^^*^ ^ ^ receptors; qSlte 
Fig. 2)/ The ptotSS S^SJS ilS1l^-i^*°^w2^^ (23 and see alsT^ 

radlolabelled TOP, trAiin^^^^i^f^^^J?^ of 
Protaln «iiich binds to^^^ILoSf S^f?*^f^.*® furetlon of a 

inhibit the WrtUng Stnp to biS^SJ?7ft^S^,',,***Jf*™^ proteins did 
aliaiitaneoMsly wltS it ( ng. 2)7 ^ <»K», when allied to them 

Applying a series of chranatographlc steps we Isolated fron the urine the 
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Sf^^i l S^SSS^"^^*^ ^ ""^^^ proteins against the cytod- 
dal effect of TOP. Top panel: Control. a9 cells treated fcr 14h with^wS- 
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ence or a preparation of tl» urinary proteins. 



protein vj^ e»rt8 the latter effect. It turned to be a very minor oonsttt- 

iiSL^.f^*^** protein did not Induce a decrease in the expreesicn 
Of TOP receptors in tissue cultured cells. It was found to afftet TOFbT^ 
SS^IfS; '*5ft?f^ 2^ <^^)' at lower e^ 

^L^^^^^ln^f^ «nolecular weight in SDS PAGE 

SSrI ^ its amixv acid sequence, to be 

distinct froB all previously Isolated proteins (19). w oe 

aluSi3i''TlSS?n2L2JLS?T^"^^ «««^ to be 

E??®^5"f*^' ^ °* specific nature of its bind- 
rSLSS ^;LiL^ ^ P''^**^ is a shed fragnent of the cell surf Se TW 
S?SlJS*S.2!^."'!2L^ been stown to ccntaln a soluble fdmS^T^ 

^PCtentlal may inpeda the fuix^lm of this cytSclnT 
l2 mtiii]?J52Kf!L? «P«^5to the formaticn of the soluble TNP bind- 

SriiJfS^^iS itlSf^'^^S?^ '^^^ or not, the possible use of the protein 
^^Si4^ bloddngtte function of INF, at times when it oontrlbuSsto 
pathogenicity, seems worthy of exploring. 
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Three human transforming genes are related to the viral 
ras oncogenes 
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Communicated by Frank H. Huddle. December 27 , 1982 

\BSTRACT Three distinct transforming genes present in hu- 
man tumor ce!l lines are all related to the viral oncogenes of Har^-ey 
and Kirsten murine sarcoma viruses, designated v-H-rns and v-K- 
ras. respectivelv. The transforming gene of a bladder carcmoma 
cell line has been shown to be a human homolog to ^'-H-^s^ 
ada i F. Tabin, C. J., Shih, C. & Weinberg R V t 9S21 Saiure 
{London) 297, 474-478; Santos, E Tronick. S- Aaronson S. 
A., Pulciani, S. & Barbadd, M. (1982) ^ature i\^ondonim ^^^^^^ 
347]. The transforming gene common to one co on (Sk-CO-lj and 
tvvo lung carcinoma (SK-LU-1 and Calu-1) cell lines ts the same 
human homolog of vK-ras as is the transforming gene prevunisly 
identified in a lung carcinoma cell line Lx-1 [Oer, C J:;^Kron hris. 
T G, & Cooper, G. M. (1982) Froc. ^atL Acad. Sa. ISA .9, 3W^- 
3640]. The transforming gene of SK-N-SH neurobla.stunia^c^^^ 
weakly homologous to both v-H-ra5 and v-K-ra.s. NIH 3T.] cells 
transformed with the SK-N-SH transforming gene c;>"ta.n m- 
creased levels of a protein serologically and structurally related 
to the protein products of the v-H-ras and v-K-ra^ genes. There- 
fore, it represents a third member of the ras gene family, which 
we have called N-ras. Based on the homology with the v-ras genes, 
we have established the orientation of transcription and approv- 
imate coding regions of the clon ed human K-ras and S-rm genes. 

The progression of a cell from normalc>- to nialignancv may he 
due in part to the activation of transforming genes o| ee luhir 
oritMn The exi,stence of cellular transforming genes has been 
demonstratecl hv the ability of genomic DNA^ li"'" ^ll' 

mors and cell lines to induce foci of transformed MH oT3 cells 
after D\A-mediated gene transfer. Transforming genes m ro- 
dent (1 21 and human (3-9) tumor cells Ivave been detected m 
this wav. We have detected three distinct transforming genes 
in our stiidv of 21 human tumor cell lines: one common to two 
lung carcinoma (SK-LU-l and Calu-1) and colon carcinoma (SK- 
CO-1) cell lines, one in a bladder carcinoma {T24), and one ui 
a neuroblastoma (SK-N'-SH) cell line (9). 

Several research groups have shown that certam translorm- 
ing genes detected bv transfer to NTH 3T3 cells are related to 
viraf oncogenes. Der'ef aL (5), Parada et al (10), and Santos 
al (11) have demonstrated that the transforming gene of T24 
and EJ. two human bladder carcinoma cell lines that probably 
are derived from the same source (unpublished datal is the hu- 
man homolog of v-H-rns, the oncogene of the Har\ ey sarcoma 
virus. DeYet ai (5) have also shown that the transformmg gene 
of Lx-1, a human lung carcinoma cell line, is a human homolog 
of v-K-rfl5. the onc^ogene of the Kirsten sarcoma virus. The genes 
that we have isolated from human tumor cell lines are related 
also to the viral oncogenes, designated v-ona We demonstrate 

The publication costs of this article were def ra> ed in part by page charge 
pavment. This article must therefore be hereby marked advertisement 
in accordance with 18 U. S. C. §1734 solely to indicate this tact. 



that the transforming gene common to Calu-1 SK-LL-1. and 
SK-CO-1 like the transforming gene in U-1 characterr/ed by 
Der et al to), is a human homolog to \'-IC-rav. We also dem- 
onstrate that the transforming gene of SK-N-SH is related to 
both v-K-r«^ and vH-ras and probabh codes tor an immuj 
nologicallv crossreactive and structuralK' re ated protem . Based . 
on the homolo^N with the v-rn^ genes, we have established the 
orientation of transcription and probable coding regions oi these 
genes. 

MATERIALS AND METHODS 
Human Tissue and Tissue Culture Cell Lines. T24. Caiu-l 
SK-LU-1 SK-CO-L and SK-N-SH are luiman tumor cell Unes 
^^] mm is a NIH 3T3 cell line transformed by Harvev sar- 
o)ma ^•irus unintegrated viral DNA. Other translorniccl a-ll hues 
are described in the text. 

Preparation of DNA. DNA was prepared I mm tissnr cu tmc 
cells bv N'aDodSO,/pniteinase-K K sis and phenol Ahlornlorm 
extraction as described .9). Plasinid and hacterioplKigr DNAs 
were prepared as described ,12, 13). 

En/vmes. Restrictii)n endonncleases w<>n' purchased troni 
New England BioLabs and Bethesda Research Laboratories ami 
used accordinu to suppliers' instructions, h. roh DNA poly- 
merase 1 was purchased from liethesda Hesearch LalM..att)nr^ 
and pancreatic DNase I was from Worthington Bioclu-tuical.-,. 

Southern Filter DNA Blot Hybridization. DNA samples wcmc 
digested with restriction endonncleases and subiected t() agar- 
ose gel electrophoresis and filter-blot transfer hv the method ot 
Southern {U\ Filter-blotted DN As were hybridized with a nick- 
translated ''P-labeled DNA probe under two sets oi conditions. 
Stringent hvbridization conditions entailed hybridization in a 
mixture containing 6x NaCl/Citi lx NaCl/Cit ^^ ^^^^Z 

0 015 M Na citrate, pH 7.0), Denhardt s solution {O.Om poly- 
vinvlpvrrolidone/0,02% Ficoll/O.I?. bovine serum albumin . 
and denatured salmon sperm DNA i20 ^g/mr for 16 hr at ,4 C 
(15) followed bv sequential washing at T4°C with 2x 1 x and 
0 5X NaCl/Cit in 0.1% NaDodSO^. Nonstringent hybndr/a- 
tion conditions entailed hvbridization in a mixture contammg 
30% (vol/vol) formamide, 6x NaCl/Cit. 2X Denhardt; s so- 
lution, E. coli DNA (100 /xg/ml\ yeast RNA i200 figM)^ f 
mVI sodium phosphate (pH 7), and 10 mM T^DTA at 3. C for 
36 hr followed bv washing at 50^0 in 6x NaCl/Cit/0. 1% 
NaDodSO.^. Hybridized DNA was revealed by autoradiogra- 
phy. , „ , , 

immunoprecipitation of Cellular Protein with Rat Anti-rfl.s 
p21 Antiserum. NIH 3T3 normal and translormed cells were 

Abbreviations: NaCl/Cit, 0.15 M sodium chloride/0-0l5 M sodium ci- 

ti-ate, pH 7.0: kbp. kilobase pairs. 

^Tn whom reprint requests should be addressed. 
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labeled in methionine-free medium containing 20 mCi (1 C i = 
3 - X 10'° Bq) of (''Slmethionine per ml \\e\v Lngland Nu- 
clear) for 18 hr. Labeled cells were lysed in phosphate-buifered 
saline containing 1% Triton X-100, 0.3% sodium deoxycholate. 
1 mM phenvlmethvlsuifonvl fiuoride. and 2 units of aprotinin 
oer ml and the Ivsates were sheared through a syringe and clar- 
ified at 100 000 'x g for 45 min at 4°C. Clarified supernatants 
were preabsorbed with goat anti-rat IgG and Stapliylococcus 
aureus protein A. Immimoprecipitation vvas perlormed with anti- 
V H-ras p21 rat monoclonal antibody Y13-259 (16) i.the gift ol 
\1 Furth and E. M. Seolnick) for 5 hr at 4°C, followed by ad- 
dition of goat anti-rat IgC for 1 hr. Immune complexes were 
absorbed to protein A. and the protein A suspension utis washeti 
extensivelv in Ivsis buffer. Protein .A pellets were boiled ,n Na- 
DodSO, sample buffer and analyzed by NaDodSO./polv- 
acr^'lamide gel electrophoresis by the method of Blattler et al. 
al). Radiolabeled proteins in gels were visualized b>- tluorog- 
raphv. 

Molecular Clones. Clones of avian and mammalian v -one genes 
are described In Table 1. AT24 and AP.3 are clones trom AL4,^1 
genomic libraries containing the transforming gene ot the 1-4 
cell line and the nontransforming homologous human se- 
quences, respectively ,25i, pT24 is a pBR322 derKatlve with a 
6 2-kiloba.se-pair (kbp) B«mHl in.sert bearing the T24 trans- 
forming gene. Tlie SK-N-SH transforming gene is contained on 
a Charon 4.\ recombinant phage. ANPS-l-l-i as described .26r 
tSeealso Fig. 4B.i ANPS- 1-1-1 aLso contains portions ol pBH.321. 
and the E. coli tRNA sup F gene. 

Cloning the Transforming Gene of Calu-1. An uiilial UNA 
clone of part of the transforming sequences oi the Cahi- 1 trans- 
forming iiene was obtained bv using the strategy i)l Gusella W 
al. r2T> as described bv others (28, 29). DNA was prepared Irom 
NIH :3T3 secondary and tertiary traiisforniants containing the 

Table 1. Molecular clones of v-nnc genes 









Restriction 




V-OrtC 






fragments 




desig- 


Virus of 


Molecular 


bearing 


Ref. no. 


nation 


origin' 


clone 


v-onc 


/ps- 


PRCn SV 


pRCll-lB 


Kpn I 1.5 kbp 


M. Bishop* 




Y73 SV 


AY73.ua 


Sst I 4.0 kbp 


18 


"rer 


ARVT 


prel 


£coRI 0.8 kbp 


19 


ski' 


SKV 


pvski-1 


Xho 1 2.8 kbp 


Unpublished 
data 


ab/5. 


Abelson 


pABsubS 


HindlU/Sst 11 


20 




MuLV 




2.0 kbp 






Feline SV 


pGA- . 


Pst 1 0.5, 0.55 


21 




FeSV 


kbp 




mos^ 


Moloney 


pnaos- 1 


Pst I 0,45 kbp 


D. Dina^ 




MuSV 










Harvey 


pBS-9 


EcoRl 0.5 kbp 


22 




MuSV 


pHB-ll 


EcoKl/BamHl 


22 






2,2 kbp 






Kirsten 


pHiHi-3 


fecoRI 1.0 kbp 


22 




MuSV 


pKBE-2 


EcoRl/Bamm 


22 






3.1 kbp 




fms^ 


McDonough 


asm- 


Kpn I 2.8. 4.8 


23 


feline SV 


FeSV 


kbp 






Simian SV 


pvsis 


EcoKl/San2A 


24 






kbp 





The table lists the v-onc sequences that were tested for homology to 

three human transforming genes. 

*SV; simian virus; ARVT. avian reticuloendotheliosis virus i: bKV. 

Sloan-Kettering virus; Mu. murine. 
* Avian. 

^ Personal communication. 
S Mammalian. 
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ti-an.sfoming gene of Calu-l. Phage libraries were prepared from 
these DKAs in A Charon 4A (30) by the method of Hohn and 
Murrav (311 and screened for the presence of human sequence 
bvthe method of Benton and Davis (32); the probe xvas BLUR8 , 
a' clone of the dispersed, repeated human Alu iamily se- 
quences (3.3). One A phage clone. AL2-.34, was isolated this ^^'^y. 
Unique sequence DSAs from this clone were then used as probes 
for isolating "contiguous" DNA from our A Charon 4A libraries. 
More than 20 independent phages containing inserts with over- 
lapping restriction endonuclease maps were isolated in this 
manner. A representative set of five overlapping phage isolates, 
together with a composite restriction endonuclease map of 26 
kbp of cloned DNA, is shown in Fig. 4A. pLC3 is the 3.0-kbp 
£coRl fragment of AL2-n cloned into the EcoRI site of pBR322 
(see Fig. 4A). 

RESULTS 

Three Human Transforming Genes Have Homology to Viral 
ras Genes. Molecular clones of v-onc were cleaved with re- 
striction endonucleases to separate v-onc and vector sequences, 
and triplicate aliquots of these digests were subjected to- agar- 
ose gel electrophoresis and Southern nitrocellulose filter blot- 
ting. The three replica filters were hybridized at low stringency 
to ^^P-labeled recombinant DNAs containing all or part of the 
three different human transforming genes (Fig. 1). The trans- 
forming human genes were those isolated from the bladder car- 
cinoma cell line T24 (Fig. IBl, the lung carcinoma cell line Calu- 
1 (Fig. ICl and the neuroblastoma cell Hne SK-N-SH (Fig. ID). 

All three human transforming genes.showed homology to v- 
H-ras and v-K-ras (Fig, 1, lanes S-ll). The human transforming 
genes were not homologous to nine other v-onc genes (Fig. 1. 
lanes 1-7. 12. and 13): Tlie hybridization detected in other lanes 
of this figure represent hybridization between pBR322 piasmid 
and A pfiage DNA seiiuences in the probes and on the filters. 
It is not surprising that each human transforming gene that hy- 
bridized with one also hybridized with both \-U-ras and v-K- 
ras because these \ -onc genes share sequence homology and 
encode immunologically and structurally related proteins (22). 

To explore further the homology between these genes, we 
hybridized each v-rfl.v gene separately under conditions of high 
stringencv to Southern blotted DNAs of the T24, SK-N-SH, 
and Calu-1 transforming genes and to pBR322 clones contain- 
ing \ 'H-ras and v-K-ras (Fig. 2). As expected, v-H-ra.? hybrid- 
ized well to the T24 transforming gene (Fig, 2A. lane c) and to 
the normal allele of this gene (Fig. 2A, lane d). The y-H-ras 
probe hvbridized onlv weakly to a S.O-kbp EcoRl restriction 
endonuclease fragment of the Calu-1 transforming gene vFig. 
2A. lane e) and to two EcoRI DNA fragments of the SK-N-SH 
transforming gene (Fig. 2A. lane g). In contrast, the v-K-ros 
probe was most closelv related to the Calu-1 transforming gene, 
hvbridizing to 3. 1-. 3.0-, and 2.4-kbp EcoRI DNA fragments of 
tliis gene (Fig. 2B, lanes I and m). Longer autoradiography ol 
the filter showed weak hybridization between v-K-ras and the 
T24 transforming gene (Fig. 2C. lanes j and k) and the two EcoRI 
fragments that comprise the SK-N-SH transforming gene (Fig, 

2C. lane n). v i , 

In summarv. all three human transforming genes shared ho- 
mologv to the'v-rfl\ genes. The T24 transforming gene was clos- 
est to v-H-ros, the Calu-l transforming gene was closest to v- 
K-rfl5, and the SK-N-SH transforming gene was more distantly 
related to the \'-ras genes. 

The Lung and Colon Carcinoma Transforming Gene Is a 
Human Homolog of v-K-ra«. DNAs from normal and trans- 
formed NIH 3T3 cells and from human cells were cleaved with 
restriction endonuclease EcoRI and subjected to gel electro- 
phoresis and filter-blot hybridization, with the pKBE-2 done 
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FlG. L Southern filter hybridization of three human transforming 
genes to v-onc DNA sequences. Molecular clones of retroviral onco- 
genes were digested with restriction endonucleases to separate onco- 
genic sequences from plasmid or bacteriophage DNA vectors. Digests 
were subjected to electrophoresis through \% agarose gels, and the DNAs 
were transferred from gels to nitrocellulose filter papers (14). Filters 
were hybridized with cloned human transforming gene DNAs. which 
had been labeled with ^'^P by nick translation, and filters were sub- 
sequently washed under nonstringent conditions, (A) Ethidium bro- 
mide stain of a gel prior to filter transfer larrows denote restriction en- 
donuclease fragments containing v-onc sequences). J^-^^^^P*!!^^^^ 
hybridizations with •'*2p.labeled pT24 DNA (B\ ^^P-labeled pLC3 iC), 
and^^P-labeled ANPS-1-1-1 iD). Lanes show the v-o/ic DNA restriction 
digests: 1, v-/ps Kpn I digest of pRCII-lB; 2. vyes Sst I purified insert 
from AY73-UA; 3. v-relEcoRl digest of prel; 4, v-ski Xho I purified in- 
sert from pvski-1; 5, v.a6/ HindlU/Sst I digest of pABsubS; 6, v-fes Pst 
I digest of pGA-FeSV; 7, v-mos Pst I digest of pmos-1; 8, v-H-ms EcoRI 
digest of pBS.9: 9, v-H-ras EcoRl/BamHI digest of pHB-11; 10. v-K-ras 
£;coRI digest of pHiHi-3; 11, v-K-ras BamHI/ficoRI digest of pKBE.2; 
12, v-fms Kpn I purified inserts from A SM-FeSV; 13, v-sis EcoRl/Sal 
I digest of pvsis. 

of v-K-rfl5 (22) used as the ^-P-labeled hybridization probe (Fig. 
3). NIH 3T3 cells transformed with DNA from the lung and 
colon carcinoma cells (Fig. 3, lanes 1, 2, and 3) contain K-ras- 
related sequences not endogenous to NIH 3T3 (Fig. 3. lane 4). 
The newlv acquired K-ras-related EcoJW fragments in these 
transformed cells comigrated with v-K-ras-related EcoRl frag- 
ments prominent in human DNA (Fig. 3, lane 5). These EcoRI 
fragments are 2.4, 3.0, 3. 1. and ==6.7 kbp in size. Only one high 
molecular weight K-rflS-related EcoRI fragment in human DNA 
was not transferred to NIH 3T3 cells. Similar results were ob- 
ser%'ed bv Der et ai (5) in NIH 3T3 cells transformed with DNA 
from Lx-1, indicating that the same human K-ras homolog is 
the transforming gene of these cells. 

v-K-ras Homologous Regions of the CaIu-1 Transforming 
Gene. A large portion (26 kbp) of the transforming gene of the 
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Fig 2. Hybridization of v-ras sequence probes to filter-bloited hu- 
man transforming gene DNAs. Cloned human transforming gene and 
v-ras gene DNAs were cleaved with restriction endonucleases, and du- 
plicate aliquots were subjected to I'r agarose gel electrophoresis and 
Southern filter blotting. The filters were hybridized with either "P-la- 
bcledpHB-U v-H-rasilanes a-g) or '''-P- labeled pKBE-2 v-K-ra^M lanes 
h-n) The filters were washed under stringent conditions. Autoradio- 
graphic exposures were for 2 hr lA). 12 hr iB). and 72 hr (CV Lanes: a 
and h, EcoRl/Bamm pHB-U lO.l fig): b and i. EcoRl/BamHl ?KBb- 
2 (0 1 figy c and j, BamHl AT22 1 1.0 figK d and k. BamHl AP3 t l.O pigK 
eand l,£coRI AL2-L11 (1.0 Mg): f and m. £coRl AL2-R7 1 1.0 MgK g and 
n, EcoRl aNPS-M-1 il.O Mg)- Size markers are in kbp. 
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Fig 3. Identification of lung and colon carcinoma transforming 
genes as K-ras homologs. Six micrograms of JScoRI-digested cellular 
DNA was electrophoresed through I9c agarose gels and subsequently 
blotted to nitrocellulose. The filters were hybridized and washed under 
stringent conditions with ^^p.labeled pKBE-2 {v-K-ras) as probe. Lanes: 
1 NTH 3T3 transformed with SK-CO-1 DNA; 2, NIH 3T3 transformed 
with SK-LU-1 DNA; 3, NIH 3T3 transformed with Calu-1 DNA; 4, NIH 
3T3- 5 T24; 6, NTH 3T3 with 50 pg of EcoRI-cleaved AL2-R7 DNA; 7, 
NIH 3T3 with 50 pg of ^coRI-cleaved AL2-11 DNA. For structure of A 
clones, see Fig. 4 A. Size markers are in kbp. 
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• r ,1m 1 .nA N-SH transforming genes. (A) Composite restriction endonuclease map of part of 
Fig 4. Maps of ras-homologous regions m Calu- 1 and SK-N-bH ^J^jJ^^^^^^^ ^ of inserts in A Charon 4A, some of which are 

the Calu- 1 transforming gene. The map was der^^^^^^^^^^ Ztne^^^^^^^^^ ^-^--^ ^^^^ ^r'^^'^^f V^, 

shown above and below the map. We estimatethat 307. ^^^^^^^^^^^^^ at high stringency to the v-K-ras clone pKBE-2. The 5 and 

clone of human Alu repeat sequence DNA: l^^^.^ ^ frrthc. clon^^^^^^ gene with 5' and 3' specific restriction endo- 

3' ends of the transcription unit were deduced by hybnduation of ^ho cbn^d ™ contained within ANPS-l- 1-1 is taken 

nuclease fragments of pKBE.2. iB Uppen ^^^'^^^'^^^^^^^^^^ the restriction map of the genomic 

from Shimizu et ai i261. iB Lower^^ flanking f ^^^^f^r. Jm.nt^^^^^^^^^^^ the BLUR8 clone; restriction fragments that hybndue 

SK-N-SH transforming sequence -26)^ ^^^^^1 V^^^^ the transcription unit were determined as above. Numbers show 

at high stringency with the v-H-ras clone pHB-11. The o ^^^^^^^^^^^^^^ H HmdIII; K, Kpn 1: R, ^TcoRI; Sm. Sma I; and X. Xba I. 

distances in kbp. Sites for restriction endonucleases arc: Ba. BamHl Bg. JSf^i n, n^ni im . p 



I kbp. 

human lung carcinoma cell line Calu-1 was cloned into partially 
overlappinu A Charon 4A phases as described, A composite re- 
striction endonuclease map for this gene is shown m l-ig. 4/\. 
Three separate regions of homology to ^-K-<■«4• vvcre deter- 
mined bv hvhridization analysis, comprising 3.0- 3. 1-, anil 
kbp EcoRrfragments (see Fig. 2. lanes 1 and m)._.\ 1 three v- 
K-rfls-related £c()l\l fragments and a fourth ().,-i<l)p IxolU 
fragment, which has not been cloned yet. were present m M 
NIH 3T3 cells transformed with DNA from various lung and 
colon carcinoma cell lines (Fig. 3, lanes 1-3. 6. and These 
Kirsten homologous regions do not arise by tandem gene du- 
plications because they hybridized to discrete regions of the 
cloned v-K-roi gene (data not shown). Indeed, hybridization 
with specific v-k-r«s DNA fragments allowed us to mai<e an 
unambiguous assignment of the direction of transcription (see 
Fie 4A). [n contrast to the small T24 transforming gene, which 
is entirely contained on a 2.9-kbp Sac I fragment {25), the trans- 
forming gene of Calu-1 is probably greater than 30 kbp. 

The SK-\-SH Neuroblastonw Transforming Gene Is a New 
Member of the ras Gene Family. Although the SK-N-SH neu- 
roblastoma transforming gene was weakly homologous to both 
v-H-ros and v-K-ro.?. we reasoned that it may encode a protein 
structurally and serologically related to Haryey and Kirsten ras 
gene product. We tested this possibility by using a broadly re- 
active monoclonal antibody against ros-encoded protein to im- 
munoprecipitate p'Slmethionine-labeled extracts from three 
independently derived NIH 3T3 transformants contaming the 
SK-K-SH transforming gene. Immune precipitates from these 
cells and from NIH 3T3 transformed by Harvey sarcoma virus 
unintegrated DNA. NIH 3T3 transformed by DNAs from hu- 
man lung and colon carcinoma cells, and NIH 3T3 itself were 
analyzed bv NaDodSO./polyacryiamide gel electrophoresis (Fig. 



,51 A protein with an apparent .\/..of 19,000 was seen m im- 
miinoprecipitates of v-H-r«5-tra.,sformed NIH 3T3 (Fig. o lane 
2) but not in NIH 3T3 controls (Fig. 5. lane ), A similarly mi- 
grating protein was seen in NIH 3T3 cells transfonned with either 
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Fio 5 ros-RelatedproUins in NIH 3T3 transformed cells. Cells (.5 
X 10°^ were laWed for 18 hr with 80 ^Ci of t»S]methionine and ex- 
tractiiw * nolnic detergents, and cleared ly^^^^^^ 
munoprecipitation with rat anti-ras p21 monoclonal antibody Y13-259 
ae" Immunocomplexes were collected onto S. aureus protem A, dis- 
Xd and boiled in NaDodSO. sample buffer, and analyzed by Na- 
DodSo!/S>lyacrylan,ide gel electrophoresis on a 12-5% t^lyacn;!- 
omide eelProteins were visualized by nuorography. Lanes; a, NIH 31^, 
rHT14B- cTnd d, two NIH 3T3 lines independently transformed w. h 
Cdu-l DNA: e-g three NIH 3T3 lines i»d^P«»"»«/'y 
SK-N-SH DNAfh, one NIH 3T3 line transformed with SK-CO-1 DNA. 
A "C-labeled protein mixture (Amersham) provided standards 
(shown X \Q-\ 
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Calu-l or SK-CO-1 DNA (Fig. 5, lanes 3, 4, and 8). A uniquely 
migrating protein with an apparent of 17,500 was seen in 
each NIH 3T3 transformant containing the SK-N-SH trans- 
forming gene (Fig. 5» lanes 5-7). This protein had an isoelectric 
point similar to liiat found for the v-H-ra^-encoded protein (data 
not shown). Our findings indicate that the SK-N-SH neuro- 
blastoma transforming gene is another member of the ras gene 
family. 

We exploited the homologv' between the SK-N-SH trans- 
forming gene and the v-ras genes to determine its direction oi 
transcription and approximate regions of homologv- (see Fig. 

DISCUSSION 

Three different human transforming genes that can be detected 
bv the NTH 3T3 transformation assay are members of the ras 
gene familv. The transforming gene of a bladder carcinoma cell 
line (T24) is a human homolog of the v-U-ras gene (5, 10, 11). 
The tran.sforming gene of Lx-1, a human lung carcinoma cell 
line, is a human homolog of v-Yi-ras (5), Comparison of the work 
of Der et al (51 with ours indicates the presence of the same 
transforming gene in two lung carcinoma cell lines '.SK-LU-i 
and Calu-l) and in one colon carcinoma cell line (SK-CO-1 
This same gene is also detectable by DNA transfer in human 
lung and colon tumors maintained in nude mice {unpublished 
data) and in the colon carcinoma cell line S\'V480 [3. 9). The 
transforming gene of a human neuroblastoma cell line \ SK-N- 
SH) is related to (but distinct from) the homologs of the v-H- 
ro^ and w-K-ras genes and represents a third branch within the 
ras gene family. Each branch may have more recent evolu- 
tionary' offshoots. Thus. Chang et (d, (34) reported two human 
homologs of v-H-rfl5 (H-;Yi.v-l and -2) and two homologs of v- 
K-ros (K-rfl.5-I and -2). A comparison of restriction endonucle- 
ase maps for these genes with the tliree human transforming 
genes we have isolated indicates that the T24 bladder carci- 
noma-transforming gene is H-rris-l. the lung and colon carci- 
noma-transforming gene is probably K-ras-2, and the SK-N-SH 
ueuroblastoma-transforming gene is a heretofore uncharacter- 
ized gene. We propose calling the human transforming gene of 
SK-N-SH the N-rai-1 gene. 

It is of considerable interest that a wide variety of tumor cells 
contain activated ras genes, detectable by gene transfer into 
NIH 3T3 cells. Several factors possibly contribute: ras trans- 
forming genes may be more readily detected than other trans- 
forming genes by the NIH 3T3 focus assay; ras genes may be 
easily activated by mutation; and ras genes may have critical 
cellular functions in a wide variety of cell types. The function 
of the ras gene products is not known nor is it knowTi whether 
they perform physiologically distinguishable roles. However it 
is known that an altered amino acid sequence is responsible for 
the activation of the H-ra^-l gene of T24 {25> 35, 36). and we 
speculate that alteration in the ras gene products ma\- be a com- 
mon step in many forms of human cancer. 
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